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Mayor the first half of June, for salinities as high as 34.5 to 35 per mille were con
fined to the channel and to the neighboring part of the basin during the last half of
that month, with bottom values of 33.8 to 33.9 per mille in the inherbranches ofthe
latter...,.....western as well as eastern. A considerable indraft of slope water certainly
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t()ok pla~esho'ttly the.J;"eafter, ho'-Vever,' spreading inward over bot,~ ;M'Il).S ofth~.basitl,
where the salinity of the bottom water had again. risen above '34 per mille by the
end of the summer in a layer of eonsiderable thickness (p, 786)~ ..
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With Wof our 14 August stations as deep.aa180 meters (100 fathoms), or deeper,
also showing .bottom values higher than 34 per mille in J912,1913,aOO 1914,this
indraftis evidently characteristic.of .June or July. No doubt, however, it varies from
year to year, both in its se.asonal schedule and in its volume and:velocity,andthe
distribution of density (pp. 958, 960) i;lhows that in some summers,at least (as exempli
fied by 1914), a counterdrift develops thro.ugh the channel, out of the gulf, in
July, though perhaps only for a brief period.

In a summer when this inflowing bottom current is active, slope water may be
expected to occupy approximately the area shown in the contour chart for July and
August, 1914 (fig. 152), its boundaries, as in March less extensive than in April, 1920
(figs. 100 and 118), including only the two arms of the trough and the region of
their j unction instead of the whole central part of the gulf basin. .

By good fortune our records afford charts of the slope water at its maximum fOr
the respective months 48-the one representing a period of active inflow, the other the
tendency toward equalization that follows such a period.

Slope water is thus shown to enter the gulf from·midsummer on through autumn
and winter-but certainly in varying pulses-and to slacken or cease during the late
spring and early summer. It is not possible to outline its fluctuations in the gulf
more definitely than this from the data gathered so far.

ABYSSAL UPWELLINGS

Upwellings from the oceanic "abyss, if such occur, would be a second possible
source of water of high salinity and moderate temperature for the deeps of the Gulf
of Maine. Upwelling of this sort, in fact, has often been invoked to explain the low
temperature of the so-called" cold wall" (referred to here as "slope water"), as con-
trasted with the tropic water on its offshore side (Buchan, 1896). .

Thus, Pettersson (1907 and 1907a), for example, definitely classed the cold wall
along the North American littoral as an updrift over the continental slope from the
cold abyssal water of the Atlantic, having for its motive power the sinking of cold
water off Newfoundland. While this view has not found a very favorable reception,
both Schott (1912) and Krummel (1911) have believed that more or less upwelling
does occur along our coasts, at least in winter; while A. H. Clark (1914) has argued that
the cold water off Nova Scotia must receive something from the abyss to account
for the geographical distribution of crinoids.

The criteria by which upwelling from the oceanic abyss would be made recog
nizable may be stated in a few words.

In temperate zones surface temperature is perhaps the best index of this process
in summer, Jor in regions where the water wells up actively seasonal warming is
retarded, causing abnormally low surface temperature. Unless the upwelling extended
along the whole east coast of North America (a most improbable supposition) any
cold water welling up would be surrounded by a warmer surface to the north and
south of it as well as on its offshore side, as is the case off California (McEwen, 1912)
and off the northwest coast of Africa (Schott, 1902, pI. 8). At the same time there
would be a continuity ill salinity between this cold .water near the surface and the

.. 1020 was a salt March, coinparedwlth 1021; 1014 II salt SUmmer. compl'red with 1013.
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deep stratum that served as. the source for the updraft, as demons.trated by the dis
tribution of salinity off the coaist of Morocco (Schott, 1912, pI. 33). Offthe north
eastern American seaboard abyssal water would also be betrayed by its precise com~

bination of salinity and temperature, for while only moderately cold (about 4°), the
salinity of the Atlantic abyss is much higher (34.9 to 35 per mille) than thatoft\.D.Y
water on the continental shelf of like temperature.

The observations taken in 1912, on our first cruise, were enough to prove that;
the inner part of the Gulf of Maine received little if anything from this abyssal
source, its salinity being too low and its mean temperature too high.

The rapid warming of the superficial stratum, which takes place all along our
seaboard in spring from Nova Scotia to Chesapea.ke Bay (except in limited areas of
active tidal stirring), is, of itself, incompatible with any widespread upwelling of
abyssal water, unless this be confined to the deeper strata.. So, also, is the wide
variation in surface temperature from season to season; for any.considerable updraft
from the abyss would necessarily check vernal warming and so narrow the seasonal
range of temperature. The profiles which the Grampus, Acadia (Bjerkan, 1919), and
Albatross have run across the continental shelf between Chesapeake Bay and the
Laurentian Channel have produced a large body of evidence to the. same general
effect; particularly welcome because upwelling had been postulated more on theo
retic grounds than from first-hand observation, previous knowledge ofsubsur.
face salinity on the continental shelf between Cape Sable and Chesapeake Bay
being virtuany nil. None of these temperature profiles for the summers of 1913,
1914, 1915, and 1916 (Bigelow, 1915 to 1922) yield any evidence that abyssal water
ever tends up the slope, much less reaches the continental shelf at that season. To
the west of Cape Sable, in fact, the coldest water in on the shelf has been separated
from the low temperatures of the water oftha deeps by a somewhat warmer zone
washing the edge of the continent bottoma.t intermediate depths in most cases
(p. 617). The corresponding salinities ha.ve been no more compatible with upwelling
either at the time of observation or shortly previous, the coldest water on the shelf
being in every case much less saline (below 33.5 per mille) than the level of equally
low temperature outside the edge of the continent (34.9 per mille, or higher, at all
seasons). ' .

As I have discussed this question in detail in earlier pUblications (llH5, p. 258;
192~, p. 166), I need only add here that none of the observations taken by the Bache
off Chesapeake Bay in January, 1914 (Bigelow, 1917a), by the Grampus between
Marthas Vineyard and Chesapeake Bay in November, 1916 (BigeloW', '1922); or by
the Albatross off the Gulf of Maine in the spring ot 1920, show any mote evidence
of abyssa.l water reaching the continental shelf than did the earlier observations.

The only route we need consider, then, by which abyssal Water might, perhaps,
enter the Gulf of Maine, is the Eastern Channel; but the preCise combination of
temperatures and salinities recorded in its trough for the months of March, April, June,
and July (6.07° to 7.2° and 34,6 to 35·.03 per mille), c()mbined with the general
distribution of salinity and. temperature within the gulf, points to quite a different
source (the slope water) .for the intermittent current that drifts inward over the
bottom of the channel, as is discussed above (p. 842).
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,''I'b.edistribution of density must, in fact, strongly resist any force l suc~'alt

offshore winds driving the surface water out to sea, which would tend to draw abysSal
water upward over' the continental slope abreast. the Gulf ·of Maine; for in e~
case we have found a decidedly stable state of equilibrium prevailing there. In factJ
most of our cross sections of the outer part of the continental shelf abreast the gulf
and to the eastward show a general dynamic tendency of quite a different sort...-.;
namely, one leading to the development of a drift of the inner slope water toward
the west (p. 847), while a counter drift of the outerslope water (or "inner edge of tluJ
Gulf Stream") toward the east has often been recorded. .

In'short,continued observation has not adduced any evidence that water from
the ocean deeps ever wells far enough up the continental slope to reach the Eastem
Channel, much less to overflow the offshore rim of the gulf.

This conclusion does not imply that upwelling may not take place over the
lower part of the continental slope from the Atlantic abyss. On the contrary, much
evidence has accumulated: .to the effect that some such process is of wide occurrence
along the lower part of the slope, below, say, the 500 to 1,000 meter level, westward.
and southward from Georges Bank. Perhaps the clearest evidence of this is afforded
by a profile run from Chesapeake Bay to Bermuda by the Bache in January and
February, 1914, when the uniform. abyssal water (about 4° in temperature and 34.9
to 35 per mille in salinity) was banked up against the slope to within 1,100 to 1,200
meters (Bigelow, 19170., figs. 11 and 12). This also appears on a profile run by the
Dana from Bermuda to Norfolk, Va., in,May,1922 (Nielsen, 1925, fig. 4). But no direct.
evidence has yet come to hand that waterfrom tkis deep source ever reaches the e<)n~

tinental shelf of eastern North America in volume sufficient to affect the temperature.
or salinity of the coast waters}9

In denying the occurrence of abyssal upwelling as a cause of low temperature
in the Gulf of Maine, I do not refer to upwelling from shallow water along, shore..,....
a common event, which often exerts an immediate effect on the temperature and
salinity of the surface water in the vicinity in spring and summer, as descrihed in an
earlier chapter(p. 550).

RECAPITULATION

The Gulf of Maine .incloses a sector of the typical ';loastwise water of the north·
we~tern Atlantic, receiving its ,most important accessions periodically fromth~

following sources: Slope water of high salinity (close to 35 per mille) and close to 6°-8,°
in ·telpperature flows intermittently into the gulf ,as a bottom current, as it does
also into the, Gulf of St. Lawrence and into other,·sijl.aller d~pressions on the conti
nental s.~elf. •There is strollgevidence that the slppe water that reaches the QuIt
of Maine has its source along the. Nova Scotian slope to the eastward. The cold Nova
Spotian current, brmgs.8. lll.rge. volume of ,waterof1 low salinity into the gulf from
the .eastward, past Cape Sable, in spripg, as. a surface qrift ;but this c:urrent slackens,
Or ceases altogether ato,ther tip}es of year.. ' rr':qe gulfal,so receives 'a, surface drift
from the offing of O,ape ~,abl~, ip.to the GOIllP9sitionpf which ,coldbanks water froIll th~
east, slope water from. U~e. $c9tianeddy, an.d tropic wateral~enterin proportions
that can not yet be stated. ' , . ',' . , . , .

.. For further discussion of this sUhJect as it concerns the Qulf of Maine, see Bigelow, 1915, p. 255, and 1917, p. 239.
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,At most times there is no dominant drift, into the ~ gu1f acr()'SIFG~orges Ba~,:

but on rare occasions overflowso! tropic.,water take place at. the .surf,..ee, probaQly
via that· route.

The discharges of various rivers, added to rainfall, contributeannu.$.llyto the
gulf sufficient fresh. water to form a layer half a fathom thick over its inner parts
out to Georges Bank. ,The gulf also receives annually a.blallket ofrain water about
a foot in thickness, in excess of the amount withdrawn by evaporati~m.

The .gulf discharges water as a 8urfacecurrent around Nantucket Shoals to the
westward ;to some extent around the eastern end of Georges Bank, wand so out
through the EastetnOhannel.

It is not likely that the gulf ever receives water from the oceanic abyss, by
upwelling,<or directly from the Labrador current.

CIRCULATION IN THE GULF OF MAINE

Study of the circulation that dominates any part of the sea can be attacked in
two different ways: (1) Directly, by observation with current meters or drift bottles,
byships' log books, and by interpreting the distribution of salinity and temperature,
or (2) indirectly, by calculation of the hydrostatic forces tending to set the water in
motion. The second method has greatly concerned oceanographers of late, and its
value can hardly be overestimated in the study of ocean currents in the open sea; but
its application to the Gulf of Maine is complicated by the disturbing factors intrq
duced by the irregular contour of the bottom, the limiting coast line, and the strong
tides, which not only produce currents of considerable velocity, but are constantly
altering the slope of the surface. Itis fortunate, therefore, that the following account
can be based on the more direct methods of observation, supported by consideration
of hydrodynamic forces as causative agents (p. 930).

TIDAL CURRENTS

No one can sail the G]llf of Maine without soon learning that itstid&,l currents
fun so strong .that they must always be taken into account in coastwise navigation.
Their velocities are so great, in fact, in most parts of the gulf, &,t the strength of ebb
and flood, that for the ordinary observer they entirely obscure any dominant or
nontidal drift that. may be in progress.

No attempt has been made to add to the knowledge of the. tides during our
survey; but the following brief statement, condensed from the Coas.t Pilot, the
tide tables and current tables of the Atlantic coast published by the United St&,tes
Coast and Geodetic Survey (1923 and 1926), from the investigations of the Tidal
Survey of Canada (Dawson, 1905 and 1908), and from other scattered sources, may
be of interest.51

The flood, at its strength, runs northerly, the ebb southerly, along the whole line
between Nantucket Shoals and the Northern Channel and likewise in the basin to

.. For discussion or the disoh8tie Crom the gulf See p.974. _
II In 1912 the GramplU recorded the velocity or the current near the mid-period or flood or ebb, hoping to learn the approx!:

matlon or the direction and velocity at Its strength. The value or these measurements Is discussed in an earlier rewrt (Bigelow,
~~m . .,
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the north (Mitchell, 1881; Harris, 1907, pI. 7). This is alsO the Case along the west
coast of Nova Scotia on the one side of the gulf and along Cape Cod on the other;
but the flood runs westward into Massachusetts Bay. as might be expected from the
trend of. the coast line,drawingsouthward around the tip of Cape Cod into Cape
Cod Bay. There is also a floodcurrent·from the westward into the latter, resulting
from a division of the tidal wave as it strikes the shore line at Manomet Head just
east of Plymouth.

The promontory of Cape Ann a.lso marks a division in the tidal streams; for to
the northward of it the flood, setting westward in toward the land,veersto the north,
paralleling the coast as far as Cape Elizabeth; to the eastward of Casco Bay the
general direction of the flood at its strength is NNE. toward and through the Grand
Manan Channel, complicated, however, by the flood currents setting into the bays
and rivers. At the mouth of Casco Bay, for example, the tides flood to the north.
In the Bay of Fundy the flood sets generally toward the northeast (i.e., inward).
. In a general way the ebb, at its strength, is the reverse of the flood, setting out
of the Bay of Fundy in a generally SW. to SSW. direction and around the coast of
Nova Scotia to the south and southeast. Along the coast of Maine, from the
Grand Manan Channel to Penobscot Bay, the tide ebbs -southwesterly; southerly
off Casco Bay. In Massachusetts Bay the ebb is generally eastward; southerly
along Cape Cod.
. Generally speaking, the velocity pf the ~idal currents is least along the ~ector

of coast bounded by Cape Cod on the south and Casco Bay o~ the north, where
velocities lower than 1 knot· have been recorded at most of the observing stations
for the flood at its. strength. But the tide flows much more strongly. (up to 1.8
knot) around the tip of Cape Cod and at the entrance to Boston Harbor. The
Bay of Fundy stands at the other extreme, with velocities rising to 2:5 to 3 knots
in the Grand Manan Channel; considerably higher even than this near the head of
Minas Basin and elsewhere near the head of the bay. The velocity of the tides
at strength ,is about 1 to 1.6 knots along the southern rim of the gulf; 1.5 to 2 knots
along the west coast of Nova Scotia and out to the neighborIng side of the basin.

The rise and fall of the tide is greater in the Bay of Fundy than anywhere else
in the world; on the' other hand, the tidal amplitude is certainly small over the
offshore banks, though the rise and fall has not been measured there as yet.

The following summary of the rise and fall at representative stations, taken
from th,e tide tables of the Atlantic coast (United States Coast and Geodetic Survey,
1926), will illustrate the transition from the mouth of the gulf inward along its two
sides for ordinary. tides:

Locality

WESTEllN BIDE

Outer shores of Cape Cod_.__ 'o _

Provincetown _. • _
Gloucester _
Portland . , _
Bar Harbor, Mount Desert • _
Cutler (at western end of Grand Manan Channel)_

Rise and
(all o( tide,

In feet

4.3- 7.1
7.5-11.1
7. 2~IO. g
7.9-11.3
9.2-12. 6

12.9-16. 3

Locality

J:4STlIllN SIDE

ShelburJ1e, Nova Scotia .. • _
Yarmouth, Nova Scotla • •

BAY OF FUNDYSt. John _
Digby . • . _
Head of MfnBll Basin • _

Rise and
fall of tide,

in feet

6./1- 7.9
16.3-17.7

23.7-25.1
27.2-28.6
43.7-60.1
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In the preceding summary of the tidal currents, directions and velocities are
given for the flood and ebb at their strength. In some localities the. direction con
tinues virtually constant throughout ebb or flood, as the case may be. In most
parts of the gulf, however, the current is to a greater or less extent a veering one,
and there is some difference in velocity between flood and ebb. The resultant of
movement by which any particle of water would fail to return at the end of any
given tidal period (averaging 12 hours and 25 minutes) to the. position from which
it started its journey, is the dominant drift. The name "nontidal" is commonly
used for this; the other appellation just given is preferable, however, there being
some evidence that the dominant drift which we have been able to demonstrate for
the Gulf of Maine has its source in the tidal currents.

On the high seas, where tidal currents are weak and the dominant drifts are often
stronger, the ocean currents, as we now know them, have been charted chiefiyby diges
tion of th~ drifts reported in the log books of passing ships. This source of informa
tion has failed to demonstrate any dominant set (as distinguished from tidaI-currents)
in the Gulf of Maine, as might be expected where the tides are so strong and the
resultant movement, if any, comparatively so weak.

MEASUREMENTS OF CURRENTS

A considerable number of measurements of the tidal currents have been made
in the Gulf of Maine by the UnIted States Coast and Geodetic Survey at the follow
ing localities: Portland lightship off Cape Elizabeth, near Cashes Ledge, three sta
tions between Cape Ann and Cape Cod at the mouth of Massachusetts Bay, Boston
lightship off Cape Cod, many stations at the mouth of Nantucket Sound and in the
region of Nantucket Shoals, Nantucket lightship, and at a series of stations situated
along the southern rim of the gulf from the South Channel to the offing of Cape
Sable.
, The Tidal Survey of Canada, under Doctor Dawson's direction, carried out an
extended survey of the tidal currents at 19 stations distributed around the Nova
Scotian coast from the offing of Shelburne to the Bay of Fundy, and within the
latter, in the years 1"904 and 1907 (Dawson, 1905 and 1908).

One current station also was occupied off Gloucester by the Albalro88 in March,
1920 (station 20051); and measurements of the velocity and direction of flood or ebb
were made by the Grampu8 in the summer of 1912 at several localities in the western
side of the gulf.

Thus, the western, southern, and eastern sidefCl of the gulf are so well covered
that these measurement~ could hardly fail to reveal the dominant set (if there be
any) for that part of its periphery; but no systematic study has yet been made of
the tidal currents along the eastern coast of Maine between Portland and the
entrance to the Bay of Fundy.

Before proceeding to analyze these data we may first consider briefly what sort
of information they may be expected .toyield.
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Readings of the CtitrBJit meter (drthesim})~vrne"thtktof employing a float)
give the rate of the current over a known interval of time and its direction.52 These,
then, are 'reduced to average velocities and directions for each tidal. hour' after the
time of high water at some neighbOring, station of reference,' and it is in this form
that they appearinthe current tables published in the United States Coast Pilot
(UnitedSMtes Coast and Geodetic Survey, 1911,p.151) and in the current table~

for the Bay of Fundy (Dawson, 1908). In aU such tables the direction, stated is
that toward which the current flows, referred to:thetrue meridian.' In other words,
a 'Illortheast "current is just the opposite of aHnortheast"wind.

To plot the course ,,,hich an imaginary body, floating in the water, would travel
during the per-iod from one high tide to the next, is perhaps the most graphic way
to bring out the existence or absence of a dominant drift at any given locality. ' If
the flood and ebb currents are exactly opposite in rate, duration, and direction,
such, afloat would return precisely to its 'starting point, for there would, ,be no
restiltant drift. In all probability, however,this would never happen in any part of
the Gulf of Maine. If, with ebb and flood opposite in direction throughout· their
respectiv~duration, one were stronger than the other, a dominant set would result
parallel to the direction of the stronger. This condition is to be expected in nar;'
row channels, such as the Grand Manan Ohannel, and close in ,along some parts of
the coast line; but in most parts of the gulf the direction of the tidal current
changes from hour to hour, rUIlning ina comparatively constant direction for only a
few hours when ebb or flood is at its strength. In some localities the tidal current
is perfectly rotary, with its direction veering uniformly throughoutthe half-tidalday.
Such a state, for example, is to' be expected about 16 miles to the eastward of Nan:..
tucket Shoals light vessel ({Jnited States Coast and Geodetic Survey, 1912, p. 10).

In the Gulf of Maine and on its offshore banks tidal currents veer always to
the right-Le., with the hands of the clock-most rapidly, in most cases, at the
times of high and low water. Thus, a particle of water or any floating object, such
asa buoyant fish egg, drifting during a tidal period, would follow a cOurse varying
in different parts of the gulf from a closed circle (bringing it back close to its
starting point), through various types of veering spirals, to courses nearly opposite
in direction for the two tides but unequal in distance. In most parts of the gulf,
therefore, any such floating object would not follow the dominant or nontidal set
directly, but in a zigzag or spiral course, traveling a much greater distance in the
daily tid.al components than the distance made good along the azimuth of the non
tidal set.

The dominant set that results from a veering current maybe deduced in various
ways. If calculation be preferred, an approximation is easy with the ordinary navi
gational traverse tables in precisely the same Wfl,y the navigator calculates, froJD
his dead reckoning, the distance and courRa mf!,de I!ood for the day.

In most cases a graphic method of summation is to be preferred. The following
(now in common use and recently described in detail by Mavor (1922» is, perhaps,

.. It should be borne lu mind that in tabular statemeuts of currents the words" velocity" ,and "qistanc,e ',' are not synony
mous; for, obviously, if the current is flowing at a rate of 1 mHe per hour at one hour, and at 2 mHes per hour an hour later, the
distance made good during the interval is neither 1 mile ,nor 2 miles, but the mean of the two, 'rhls caution Is added because
some of the pUblished tables of currents have been ambiguous in this respect.
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the most convenient and yields approximations 'close erioughfor mOst' purposes: Lay
down a meridian, marking it N.and S. Then'simply plot; to scale, the&verage
distanc8cand.direction of the current for each sucoessive hour, as suc~ssive lines,
giving to each the correct compass bearing, commencing with high water as the
startin.g point. Then the distance by which the location reached at one high water
fails to coincide with the preceding high water, measured by the same scale, gives
an approximation to the.distance covered by the dominant set in one tidal day.
The angle bEltween the line connecting the two and the meridian first laid down
gives th",approximate·direction.63

It is obvious" that' the smaller and more frequent the time intervals for which
the mean velocity and direction are determined bythe current meter, the closer will be
the approximation yielded by this method of graphic summation, or by any other.

The work of the two governmental surveys just mentioned (of Canada and of
the United States) has been directed primarily to the study oLthe tides as these
affect navigation. Mitchell (1881), however, showed that resolu.tionof the periodic
observations at !ltations in the South Channel, on Georges Bank, and in the Eastern
and Northern Channels demonstrated a dominant or nontidal drift at eVery station,
in some cases of considerable velocity. A nontidal drift has also been published
for many stations off Cape Cod and in the region of Nantucket Shoals (United
States Coast and Geodetic Survey, 1912, chart to face p. 9), as well as for the vicin
ity of Cashes.Ledge (Harris, 1907), long before the general importance of these
drifts in the general circulation of the gulf was appreciated.

Dawson (1905, p. 16), on the other hand, believed that the currents in the east
~rn side of the gulf were strictly tidal, showing no "general movement of the water
in anyone direction in this region which is at all well marked." Mavor (1922),
however, on submitting Dawson's current tables to the method of graphic summa
tion described above, found that a dominant drift was demonstrable at every station,
varying in "distance made good" for a single tidal period from about 1 mile to
about 672 miles. Dominant drifts of greater or less magnitude also result from tidal
measurements taken at Portland and Boston lightships by the United States Coast
and Geodetic Survey and at our Albatross station' off Gloucester. The number of
current stations is now so considerable that the presence of some such set is certainly
characteristic of the parts of the gulf which they cover.

Some resultant drift in one direction or another is, in fact, to be expected any
where in the open sea, set in motion by the temporary effects of the winds alone,
if from no other cause. Whether or not such drifts as are revealed by measurements
of the tidal currents can be interpreted as evidence of a dominant movement of the
water as a whole depends, therefore, on their relative constancy at given stations and
on whether they ,are consistent in direction, one with another, over considerable
areas.

This last criterion can be tested most readily by plotting on a general chart of
the area the dominant drifts calculated for the various stations.

The current arrows on such a chart for the Gulf of Maine (fig. 173) show this
requirement met tOR deg'reesomewhat surprising when we remember that theobser
vations were sclltt(lred through a long series of years and that'the~'setsnat 'the

"It is convenient to use a position plotting sheet, such as can be had from any dealer In navigational supplies.
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individual stations varied widely in their duration, some being continued through sev
eral successive months and others only for a few days. Even if nothing else what
ever were known of the movements of the water in the Gulf of Maine, these arrows

40 +

71" . 7tr

+

69' 88"

+-

87' 88'

FlO. 173.-Direction and velocity, in mUes, of the non-tidal current, per tidal day of.24 bolUs and 50 minutes, at stations
of the United States Coast and Geodetic Survey and of the Tidal Survey of Canada. The feathered arrow Is for the one
Albalr088 station (200IH) " .

would of themselves be,strong evidence of agenera,l tendency inward and northward
a,lo:Q.g the .western;shQr~~oLNova Scotiaandqut to the southea,Stward past Cape
Cod and the Nantucket Shoals region for the summer and autumn months when the
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current measurements were taken." Mavor (1922, p. 109) has already emphasized
the inward movement thus indica.ted around. Nova Scotia and so into the eastern
side of the Gulf of Maine. The drift to the westward past Cape Sable is shown to
be irregular, however, and perhaps intermittent, for a very rapid dominant drift
toward the west of about 12 miles per day, at Dawson's station R in the offing of
Cape Sable, contrasts with contrary and much weaker resultant currents at two local
ities nearby (Dawson's stations P and Q). In the same way the water in the offing
of Shelburne was setting strongly in toward the shore on June 25 to 29, 1907, showed
no dominant drift in any direction at a neighboring station two weekS later,55 but
was drifting toward the southwest at a rate of about 8 miles per day on July 27 to
28,1914 (Bigelow, 1917, p. 203, station 10231; current measurements at 6 meters
depth with Ekman current meter).

The most that can be said is that the current arrows show some movement to
the westward past the cape at times during the summer.

The general tendency northward along the western shores of Nova Scotia, toward
the Bay of Fundy, is decidedly impressive, because not one of the arrows,as calcu~

lated from Dawson's tables (1908), runs counter to this rule, the only exceptions
being two (his stations Land M), which point almost directly in toward the land.
The arrows also show the water drifting into the Bay of Fundy along its southern
(Nova Scotian) side, then turning northward toward New Brunswick and out again
to the Emstward and southward.of Grand Manan. In the channel on the northern
side of the latter, however, the water has been found to set inward toward the Bay
of Fundy, suggesting a clockwise circulation around Grand Manan, which corrobo·
rates the local report that the flood current predominates over the ebb along the
eastern part of the coast of Maine (Coast Pilot).

It is unfortunate that no measurements of currents are available for any points
between the Bay of Fundy, on the east, and Portland lightship, to the west, for·the
tides run strong along this sector of the coast line.

At Portland lightship the currents are weak but slightly rotary (United States
Coast and Geodetic Survey, 1923, p. 69).

The Coast and Geodetic Survey has supplied the following statement of the
dominant (nontidal) set for several 29-day series at this location (lat. 43° 31' 30,"
long. 70° 05' 38").

Duration of series
Rate Per
day (24
hours)

in miles
Direction 'Duration of series

Rate per
day (24
hours)

In miles
Direction

Oct. 3-31. 191,3__ -.----- •• _. ••__••• 11.3 8.67° W. JUly 1-29. 111111••••__•••••••__•••• •••• 2.4 N. 62° E.
Nov. 1-29. 1913 ••• •• .1 9.6 8.31° E. Anc.I-29.11119....._••••••••_. •__••••_ 2.2 8. 74° W.
Nov. 3O-Dec•. 28. 1913 • 1 11.3 8.11° W. Sept. 1-:29. 1919.__._ __ •••__••_ .5 N. 47° E.
1une 1-29. 1919._•••••••••_.~••••__ .._•• _1 4. 3 8.36° W. Oct. 1-211. 1919.,••••_._._~J _._... 1.7 N. 68° E•

.. So tar as I have, been able to learn. the only winter measurements m.ade In the Gult of Maine have been at Nantucket
Bhoals Lightship and one A100tr0f8 station olf Oloucester (station 20061. p. 857). '

II The resUltent drlftator these two stations (Dawson, 191J6 and tllllS. statatlons SandT) are taken tram ?,{avor'schart:(I922,
PI. IV).

8951-28--15
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It is natural to think of the wind as partly responsible for these variations in
the direction and velocity of the drift, .' a.nd this is' borne outby the, following table
giving ~thewind movements and directions a:tPortland, Me., for, each month; and
the resulta:nts calculated therefrom by ,traverse table~; 68 ~

Wlndmovenient, mlles

Resultant
NW.N.

Month
NE., , E. '8E. 8. SW. W.

~----,---,---,---,-----------,,---,..--,-"I---,--,,~,----,-,---- -,-''--, -'--, ------ ------1-----------,--..".,.

ii:iff:~~~1;~~====:~==;;~======~:·~mm ~ .~ ~i tm .,§ ki f~~:~~
August, 1919_______________________________ 382 382 623 505 1,465 863' 535 ll83 8.33· W;. 1,247.
September, 1919 c__ 600 575 485 462 2, 088 638 504 1,097 8.27· W., 1, U8.
OCtober; ,19111 :.___________________ 695 '07 449679,' I, 100 '870 758 1; 020 ,S. 73· W., 1,073.

When'the directions and velocities of winds and currents are compared' for the
individual months it becomes clear that the drift is not purely a wind current, though
considerably affected by the wind. With winds' prevailing from 'anywhere between
north and 'west, the drift has a southerly component, driven ea:stwardand offshore
bystl"ong west winds (as in November, 1913), bl1tsetting toward the southwest,
when the average wind direction is between north and west. It is when drifting
southward (whether with' an easterly or a westerly component) duringpel'iods when
winds prevaill>etween west and north that the surface set atta:ins its greatest daily
velocities of9 to 11 miles per day.' By common knowledge this applies also during
northeast winds. During the'one month (June, 1919) when south winds prevailed,
the current ran, none the less, toward the southwest; though held back by the head
wind to an average rate of only about 4 miles per day~ The dominant drift was also
very slow (0.5 to 2.4 miles per day) during the three months when southwesterly
winds prevailed, setting against the wind '(WSW.) for one month,but with the wind
(between north and east) during the other three~

According to this correlation between current and wind, the direction of the
nontidal current at this station is between WSW. and SE.and reaches a considerable
velocity when westerly or northerly winds prevail; but its inhererit stength is so
small that southerly winds greatly reduce its velocity, or may even reverse it and
produce a slow surface drift toward the northeast.

The wind table for Portland (p. 965) shows that the average direction of the wind
there, from early autumn until April, is between nort'P.west and a few degrees south
of west; 57 Consequently we may assume that the dominant sets recorded at the
lightship for' the months of October, November, and December are representative
for autumn, winter, and for tllefirst two months of spring. These combined (by
the traverse tables) give a resu1tant movement toward the south and west (8. 15°
W.) at an average rate of about 8mileEip~rday. In spite olthe prevalence ofsouth
west winds in'summer the resultant ,of the combined drifts for June, July, August,

II From data supplied by the United States Weather Bureau. The dIrections are those frQlIl which thll wind blows, as In
every~ay parlance.

" Calculated on a time-percentage basis.
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~nd Septemher(similarly repre"lilQ.ta,tive of,that season) is a; veryuJlow,settoward
the sOQthwest at less than 1 mile per day. If all the sets for, all-the months.be
ooll1binedl the resulta,nt d.rift.is towa.rd the south by west 72 west (8. )8~}W.), a.nd
its average daily rate, about 3% Inilesper ,day, .

The underlying dominant drift at Portland lightship. is thus shown to be.south~

erly,so far as the general transference of water is concerned, a.nd it is so shown OIl

the cha.rt.Westedy winds may give it an offshore (ea.sterly) component;. and per
sistent 'southwesterly winds, such as prevail in. summer, may reverse, the .drift, drivl"
ing the -surface water to the northward a,nd eastward. Suchreveraals,however,8if6
only temporary, and while operative produce drifts much slower than the domiP:ant
southerly movelll.ent. It is only while the -nQntidal current is setting to.waJ:d·the
southern half of thecQmpa.ss that it has velocities of 4:. miles per day. or gret.ber. ;:

No measurements have been made of thecurrentsbetweenPortland,lightl3hip
and Cape Ann, but observations taken by the United States Coast Surveya.t.a point
,10 miles southward frQm Cape Ann, on September 27 flond28, l877(U. ,S.-'Coast
Pilot, 1911, p. 151), showed a dominant set of abou.t 3 miles per day toward the
WNW. (N. 66° W.) for that particular 24 hours. Jrourte~n miles to the sOllth
eastward of this we found a dominant set of aho'llt·5.4 miles per day toward the SSE.
(S. 26° E.) at a depth of 5 meters (with the Ekma.n meter) on March land 2,1920
(station 20051, p. 857). These drifts, approximately at right .a,ngles w.each other,
probably represent the dominant tendency at their respective locations more closely
than might have been expected of one-day sets, because. drift-bottle ,expel'Unents also
indicate a tendency inshore and into Massachuset.ts Bay.from .the inner of, these .two
stations (Coast Guard station), southerly across the mouth of the bay from the
outer (p. 890).

At .Boston lightship (situated near the head of Massl;\Chusetts Bay, about 9
milea off the mouth of Boston Harbor) there is a very slow dominant drift toward
the eastward, a 29-day series of observations (from September 24 to October 22,
1913) giving a resultant of about 2.6 miles per 24 hourstowa.rd the S. 6° E., while a
second 58-day set (October 28w December 19,1913) showed a dominant drift of about
1 mile per day toward the N. 24° E.58 These two combined point to a general
dominallt movementof the surface stratum toward the SSE. (S. 25° E.) at the rate
of slightly less than 1 mile per day, and it is sO shown on the chart (fig. 173). A
dominant set outward from the head of the hay toward. its mouth is thus indicated
in its southern side, but one governed so much by the direction of the wind that the
surface water may make but a short distance good in this general direction over flo
considerable period.

The dominant drift at a station in the cha,nnel, between the tip ofCape(l()d and
Stellwagen Bank, where the tidal currents were measured by the Coast Survey on
August 24 and 25, 1877 (Coast Pilot, 1911, p. 151; lat. 42° 07', long. 70° ,15'), was
toward the N.. 53° E. at a rate of about 4 miles per day, with about 5 miles per daY
(2.5 miles for 12 tidal hours) toward the N. 36° E. on the. southern side of Stellwa,gen
Bank, a- fewmiles to the northward, on September 17,1855 (Coast Pilo.~,1911,p.

151; lat. 42°10', long. 70° 16').

"Information supplied by U. B. Coast and Geodetic Survey. .
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The directions and velocities given on the chart (fig. 173) for the stations off
Cape Cod and in the region of Nantucket Shoals are copied direct from the Coast
Pilot (1912,chartto face p. 9; based on observations taken by the U. S. Coast
and Geodetic Survey). A south-southeasterly drift of about 12 miles a day at 8.

station 7 miles off Nauset Light illustrates the general tendency toward a south
erly movement of the water along Cape Cod, mentioned in the Coast Pilot. Obser
vations tAken at the Pollock Rip lightship and. at Round Shoal lightship, at the
entrance to Nantucket Sound, from June 20 to September 14, 1911, have also brought
out dominant drifts toward the southeast at rates, respectively, of 9 to 10 and 2 to 3
miles per 24 hours. By this evidence,corroborated by bottle drifts (p. 886), the sur
face water sets southerly across and out of the eastern end of Nantucket Sound., not
into the latter. This is corroborated by an east-southeasterly set of about 7 miles per
24 hours, recorded at a station 4 miles within the sound (2 miles south of Handker
chief Shoal lightship).

Sets of varying duration, taken by the Coast and Geodetic Survey at 11 stations
iii the general region of Nantucket Shoals, show a general dominant set between
south and east, roughly paralleling the chief axis of the shoal ground, at rates
varying from about 2 miles per day to about 14 miles (average about 3 miles).
Howe'\Ter, this is complicated by evidence of subsidiary eddying movements, such
as might be expected over this uneven bottom, where strong tidal currents are
complicated by' rips and deeper channels.

Earlier studies pointed to the conclusion that the tidal currents at a point about
16 miles to the eastward of Nantucket light vessel are not only rotary but run at
an equal velocity at all hours (Coast Pilot, 1912, p. 10); and it seems to have been
taken generally for granted that there is no dominant set at the lightship,which is
situated about 10 miles to the southward of the 40-meter contour of the shoals and
42·, miles,·SSE. from Nantucket Island (lat. 40° 37', long. 69° 37'), but that the
currents there are purely tidal. This, however, is contradicted by 19 sets of current
measurements, each of 29 days' duration, taken at this lightship by the United States
Coast and Geodetic Survey in the months of June, July, August, September, October,
November, December, February, March, April, and May of the years 1911,1912, and
and 1914, tabulated below.5g In 13 cases a dominant set results toward the north
and westia set toward the south and east in four; and one series showed rio appreciable
set in either direction, as tabulated.

Dominant set at Nantucket lightship for various months

September-October, 1913 ••__ N. 89° W._••_._. 5.3
DO.••••• • •__.• N. SOo W • ._ 8. 2

Octo!;ler, 1913 •••• ._••_ N. 86° W _•• _, _._, 5.3
November. 1913•••• __•• ._._8, 68° E ._ ••• 2.4
DecemberI1913. ••_.______ 8; 44" E_•••••••••~ 4. 0
}'ebruary, 1914••__ • • B. 51° E_. .__ 2.9
March, 1914__, • __c. B. 40· E••••••• 1.0
April, 1914 ._. __•__. • N. 75° W. .'_ 1.4
May, 1914•••• __••..'••••_._••__•• N. 62° W••_~..... 4. 3

Direction or doml· Drift per
nant set 24 hoursMonth and yearMOJl.th aIId year Direction or doml'j Drift per

nant set 24 hours
--,...-11--'----,.-------1'------1---

JUJl.e, UI14. ••__••_•• ••••• N. 46° W __ ••• _·__ • 2,2
Jun&-July,1914__••_.'•• N. 55° W ._____ 2: 2
June-July,191L•••••_c ._..._~ N. 5° E, ._ .. 1.1
July,19H • • • N.53° W •__.__ 2.7
July, 1911•••__._.:'••• ._•••_ N. 25° W __ • ._ 1.9,
August,1914._•• ~c N. 45° W 4.8
August, 1911._••••• • ••:. .• N. 53° W • .__ 3.8
August~8eptember,1.91l-----.--N. 45° W .• 2. 4
8eptember, 11114._••• •••• __•• N. 74° W. .___ 7.4

" Data supplied by the U. 8. Ooast aud Geodetic Burvey.
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Analysis of these sets shows a dominant drift toward the north and west. (aver...
age direction about NW. by W.) during the spring, summer, and early 'autumn,'
averaging about 3,4 miles per day; but about as strong a southeasterly set (3 miles
daily) during the late autumn, winter, and early spring, averaging about S. 500 E.in'
direction. If January and February be credited with about· the samed'ominant
drift' as is recorded for December and March,the average set of water for .the year
works out at about 1.3 miles per day toward the N. 74° W. The rate hll.8 aver
aged lowest (less than 0.1 knot) from March through June, and drifts as strong as
0.2 knot have been recorded only during the months from August to December, a
fact of some interest in connection with the discharge of surface water from the gulf
(p. 974). This series of observations gives evidence of a. considerable balance of
movement of water toward the WNW. past the southern slopes of Nantucket Shoals,
and whether the set be in that direction or toward the southeast, it is away from
the gulf in either case.

This seasonal reversal in the direction of the dominant current is probably
caused by the wind, with the southeasterly drift of winter reflecting the prevalence
of strong northwest winds at that season; but the fact that the summer drift toward
the west or northwest is not parallel with the prevailing southerly and southwesterly
winds, but at right angles to them, reveals the dominant tendency for the water here
to move westward.

Current measurements taken at eight stations along the southern rim of the
the Gulf of Maine by the United Sta.tes Coast and Geodetic Survey in 1877 show
in each case a considerable nontidal resultant; and the indicated drift at anyone of
these may have been affected by the wind, for all were of short duration. However;
they pro'\Te so consistent with the theoretic 'expectation of a clockwise movement
around a shoal(p. 972) that they are probably representative of the prevalent sum
mer state. The resultant drifts, as calculated by Mitchell (1881, p. 189, table 8),
are as follows:

South ChanneL_~__•. ._••_••__•__• • •• N. 310 E _
Northwest slope of .Georges Bank•• ..... ._. ••_._._. N. 790 E'. _
West side of Georges Shoals • ••_•• • N.70o W' _
East side of Georges Shoals. • •• .----------- S.14° E • •__ •
East end of Georges Bank • .. S. 420 E ~ _
Eastern ChanneL .~ • ••..__•__• •• • •__------_•• S. 76° W? _

Do.. • •• ._••_.__ ~•• • . __• N. 51° W •
South side of Northern ChanneL .. • • ~ S. 51° E __ • •
North side of Northern Channel •• • • . S.59° W ~ •

Sta- :Latitude :Longl·
tlon tude

- ---
0 , 0 ,

1 41 10 68 M
2 41 21 68 23
3 41,31 67 52
4 41'" 36 67 24
5 41 116 66 28
6 42 25 116 08
6 42 25 66 08
7 42 50 65 56
8 43 04 65 41

Region Directions
Velocity

c::ta
Mila

4.11
lI.7
2.8
3.11
3.7
0.0

10.7
7.8
4.'7

1 The U. s. Coast and Geodetic Survey writes that" reSUltant," In Mitchell's (1881, p. 189) orlglnal_unt, refImI to the
set for a tidal day of 24 hours and 50 minutes. This is reduced here to the set per 24 hours. ' "

, The dominant drlfUs given as southeasterly at station 2, northeasterly at station 3; by Harris (1907 chart '01 and In the
1912 edition of the Coast pilot (1912, chart to face p. 9); but a fresh calculation of the nontldal set at these 'stat ons by the
Ooast and Geodetlo Survey shows a very good agreement with Mitchell's results.

These drifts indicate a general movement of the water northwestward around
the western side of Georges Bank and southeastward over the eastern side., whichis
corroborated by bottle drifts (figs. 174, 176). They also suggest a subsidiary clockwise'
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movement;around.the shoa.l partofthe bank, drifting northward arounditsweatern
flank and southward past the eastern flank. Drifts ihtothe.Gulf of Maine basin, at,
coIlSidetable velocities,. result .from the two stations in. the .center of the Eastern
Channel.,

At the time these observations were made the Northern Channel seems to have,
been dominated. (as basins generally are in dur latitudes) by an anticlockwise drift,
southwesterly (toward the Gulf of Maine) .in its northern side and southeasterly.
(away from the gulf). in its southern. side. This latter drift, with the inward current
in .the Eastern Channel, suggests that BrownsBa.nk was then the center of a clock
Wise eddy.

Current measurements also were taken in the center of the gulf, near Ca.shes
Ledge (lat. 42°.53', long. 68°54'), on September '1 to 4,1875, through a period of 58
hours, from which Ha.rris'(1907,pL 7) has deduced a southerly set of about 4 miles
per day. This agrees with the clockwise circulation to be expected around Cashes
Ledge, this station being situated on its. southeastern slope. Examination of the
original data (supplied by the.U. S. Coast and Geodetic Survey), however, makes
it more likely that the dominant set varied with the wind . there during the
period ofobservation. The first 48 hours of the set (which apparently covered two
tidal periods, because extending from "no current" to "no current") showa'result
ant toward the S. 26° W. of about 4 miles per 24 hours, as Harris represents it; but
this period includes 8 hours (in groups of 3, 1,and4) when no readings were taken,
but during at. least four of which the current almost certainly had an easterly com
ponent, judgingfrom the stage of the tide as indicated by the veering of the current.
The successive hourly directions also proved much more nearly rotary for the sec-.
ond tidal period than for the first, and with wide variation in its velocity while run
ning in corresponding directions. It is wisest, therefore, to attempt no deduction of
the dominant direction of the set from these data.

SUMMARY

The current measurements so far taken in the gulf when combined indicate
the followiIig circulatory movements: In the eastern side of the gulf the tendency is
northward along Nova Scotia into the Bay of Fundy in its southern side. northward
toward New Brunswick, and out of the bay along the south side of .Grand Manan,
with a counterflow into the bay via the Grand Manan Cha.nnel.
. There is a gap in the observations for the coast· section. betw~n Grand Manan

",:q.d Cape Elizabeth., Off the latter the general set is sotitherly,though often de-
fl~cted or temporarily reversed by th.e wind. . . • ..'

Two drifts are indicated· in the region of Massachusetts Bay-one anticlockwise
around its coast line and .the ,other southerly across its .mouth. RIld down along
Cape Cod. Tb,e. drift is out to the eastward from Na,ntucketSound, generally
southerly and easterly past Nantucket Shoals. The records taken at Nantucket
lJightship show a veering to the west al).d nOl'tqW6st around the. shoals in summer,
though not in. winter.. Two clockwise movements are. sm~~ested farther east-one
around Georges Bltnk as a whole and a !'Imaller one a.rqund its shoalest part.
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In general, the dominant set has been' found most rapid in' the regfonof Cape
Cod and Nantucket Shoals, averaging about 8 miles daily. Theavera.ge velocity
(about 7 miles per 24 hours) is nearly as great for the stations along thecwesi coa.st
of Nova Scotia and in the Bay of Fundy; but the resultant set into thiS' side of the
gulf is not so rapid, because most of the stations show components either to the west
or to the east. Perhaps 5 miles per day approximates the rate at which a bottle
might be expected to drift northward along Nova Scotia by this evidence.

EXPERIMENTS WITH DRIFT BOTTLES

Measurements with the current meter, such as have just been discussed, give
both the direction and the rate of the dominant set, as well as of the tidal currents,
at that particular place and time, assuming always that the observations are taken
at frequent enough intervals and extended over a sufficient period of time.

The setting free and recovery of a drift bottle can never yield information so
definite, because only the two end points of its journey Bre known, the route it has
traveled from the one to the other alwaysl'emaining a matter for deduction. Our
drift bottles, furthermore,reflect the dominant movement of the uppermost stratum of
water only; a fathom or two deep, at most, for the bottles with the longest drags.
Neither does the drift of a bottle necessarily reproduce the drift that would have been
followed by a particle of water, because the bottle floats on the surface, while the
water may sink to lower levels by vertical currents, while new water may well up to
the surface from below to take its place.

Because only the end points of the drifts are known and the intervening tracks
'can only'beassumed, their vaJue depends on a number of factors, especially on their
consistency, one with another; the length of time they are adrift; the extent of the
'oceanic area covered; and on general information from other sources as to the local
currents. In all these respects the Gulf of Maine has proved an especially favorable
region for the study of the dominant circulation by the drift-bottle method. Since
all the drifts' from all the lines set out have, without exception, proved reducible to
one'scheme,entirely consistent with the current measurements '(po 866) and withgen
eral reportaB to the dominant set along various parts of the coast, with tempera.ture
arid salinity, with the distribution of the plankton, and with theinterIi8.l hydrostatic
forces (p.936), I believe they' may be taken as representing the main features usually
prevailing in spring, late summer, and early autumn.

The greater the time interval between release and recovery, the greater does
the uncertainty become, because the longer the bottle is afloat, the greater distance
it may have covered in its journey-i. e., the farther its track is apt to have diverged
from' the direct point to 'point line. By this same reasoning, when bottles are
released in numbers the time interval becomes an important factor in deduCing their
probable tracks. If, for example, bottles released near Cape Elizabeth were' to drift
repeatedly to a point in Nova Scotia in as short a period as bottles released '. at
Mount Desert, it is a fair assumption that the latter have divergedeuough fr9m the
direct route to make their journey approximately as long as that oithe former,
assuming, of course, an approximately equal rate of, drift for ,both. I should also
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point out that in a region· where the tidal currents are as strong as they are in the
Gulf of Maine, little information as to the dominant drift is to be had from a bottle
until it has been adrift through several tidal periods. Consequently, when' a bottle
set adrift within 3 or 4 miles of shore at the beginning of the flood tide is recovered
on the beach it does not mean that a dominant inshore set brought it in, but simply
that it drifted and stranded, with the tide.

These remarks are elementary, but are introduced here because, in conversation,
I have found a very general tendency to aSCI:ibe a direct drift to any drift bottle.

BOTILES SET OUT IN THE BAY OF FUNDY

The first, systematic attempt to plot the dominant or nontidal circulation of any
part of the gulf by the use of drift bottles was undertaken by the Atlantic (St.
Andrews) biological station of the Biological Board of Canada in the summer of
1919, when 396 bottles were set adrift on lines crossing the Bay of Fundy, with
results so positive that they are extremely welcome for the light they throw on the
returns from the several series subsequently released in the open gulf by the Bureau
of Fisheries. The complete data of localities of release and recovery are given by

.Mavor (1922), who has also discussed the probable tracks in such detail that a brief
summary will suffice here.

The recoveries 6\ may be divided into two groups-first, from within the Bay of
Fundy, and second, from the Gulf of.Maine.62

Bottles picked up within the Bay of Fundy were aU set out in August and
September, 1919, along lines at right angles to the general axis of the bay. Five
bottles, set out at distances of 1 to 10 miles from shore on a line running north
west from Brier Island, at the mouth ,of the bay, and picked up along its Nova
Scotian shore after drifts of 25 to 65 II}iles, show a definite set inward along the
southern side of the bay consistent with the current measurements that have been
taken there (Mavor, 1922, p. 116, fig, 13). One of these traveled at a rate of
more than 4 nautical miles per day. It seems, however, that this inward drift.involved
only a narrow belt, probably not more than 6 or 7 miles wide at the time, because
only one bottle from the next line to the west (one set adrift about 7 miles from the
shore of Digby Neck) took this route, while two others released closer in to the
land drifted across the bay to the New Brunswick shore and to Grand Manan.

Most of the recoveries from all the other lines were from points on the New
Brunswick shore; a few were from the neighborhood of Grand Manan and a few (to
be considered later) were in the Gulf of Maine outside the bay. Mavor's (1922)
analysis brings out the interesting fact that the bottles that were picked up farthest
easton the New Brunswick shore 63 were all set out in the southern side of the bay
within 12 miles of the Nova Scotian shore.

The bottles set out in the southern side of the bay (several lines) thus exhibit
one or the other of two rather definite tendencies. Those,set adrift near the Nova

" Only those reported within 4 months after the bottles were set out are considered here.
11 Mavor (1922, p. 116) s~tes that "all the drift ,bottles which have been recordlld from outside the Bay of Fundy were ploked

up In the Gult of Maine." Two also have been reported frpm EuroPe \Mavor,l921; Moor [Mavor), 1921)•
.. Between Musquash Harbor (long. OOo16'W.) and St. Sohn.
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Scotian shore at the mouth of the bay, or inward to Digby Gut, tended to drift
eastward, hugging the southern coast. Those set afloat more than 5 to 10 miles out
from land in the southern side of the bay rarely stranded on that shore, but usually
drifted northward aeross the bay to the New Brtmswick shore. It is evident that
they did not go far up the bay, for only one bottle was picked up east of St. John,
while most of the recoveries of bottles set out on the Nova Scotian end of the inner
most line were west of the longitude at which they were set out.

Bottles set out in the northern side of the Bay of Fundy showed a westerly
drift, the majority of recoveries coming from the New Brunswick shore west of
Point Lepreau (especially concentrated in the region of Passamaquoddy Bay), with
some from the southern and eastern sides of Grand Manan.

The southern edge of the inflowing current in the southern side of the bay
hugged the shore--witness the stranding of bottles along Nova Scotia. Its outer
(offshore) edge, on the contrary, showed as evident a tendency to veer, anticlock
wise, across the bay toward the New Brunswick shore, and so to eddy westward,
made evident by the tendency of bottles from the Nova Scotia side to strand farthest
east (inward), along New Brunswick, and for bottles set out in the northern side of
the bay to follow the coast line of New Brunswick farther to the westward.

Some idea of the routes followed by bottles crossing from the Nova Scotian to
the New Brunswick side of the bay can be gained from the relative lengths of the
intervals between release and recovery,64 when these prove as consistent as they did in
this instance. Mavor (1922, p. 116) has already commented on the fact that the
bottles set out on the Nova Scotian end of a line abreast of Point Lepreau (his line G)
averaged longer afloat than .those set out on the New Brunswick end, suggesting
that they took a longer route, going up on the Nova Scotian side and down on the
New Brunswick side. The time intervals between release and recovery for bottles
-drifting from Nova Scotia to New Brunswick were also longer for those set out near
est the mouth of the bay (25 to 48 days) than for those set adrift farther in the bay
(8 to 22 days), with a discrepancy much wider than the varying width of the bay
would account for. Bottles set out on the southern end of the innermost line and
picked up eight days later on the New Brunswick side must have followed a com
paratively direct route in their crossing. A longer time interval for bottles set out
nearer the mouth of the bay points to a more extended circling drift; but the fact
that on the whole bottles set out farther and farther east along the Nova Scotian
side fetched up farther and farther up the bay in the New Brunswick side is evidence
that the south-north drift was of considerable breadth.

A cross section of the Bay of Fundy from Nova Scotia to Grand Manan would
thus have shown a rather sudden transition, at the time, from a current flowing
toward the southwest in the northern side to a northeast drift in along the southern
shore. The fates of four bottles that were set out close together on a line abreast
of Point Lepreau, but were picked up far apart and on opposite sides of the bay 37
to 70 days later, locates the boundary of these two currents nearer Nova Scotia than
New Brunswick (Mavor, 1922, p.116).

II Always remembering that a bottle may lie a long time on some seldom-visited beach.

8951-28-56
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These bottle drifts.justify Mavor's (1922) general conclusion that in the summer
of 1919 the water was drifting in along the southern side of the bay, circling north
ward across to the New Brunswick shore about abreast of St. John, setting west and
southwest along New Brunswickand out of the bay past the southern side ofGrand
Manan.This, as he points out (1922, p. 116), is entirely consistent with the domi
nant set resulting from Dawson's current measurements; more consistant, indeed,
than one might have expected of observations of these two sorts taken several years
apart in such tide-swept waters.

The drift westward along New Brunswick, according to Mavor's analysis, was
at a rate of at least 5 nautical miles per day. This, with the rates for the bottles
that drifted inward along the Noya Scotian shore (p. 868), suggests a general daily
rate of 4 to 5 miles for the periphery of the Bay of Fundy eddy.

Fifteen of the bottles set out in the Bay of Fundy in 1919 were picked up out
side the bay in the Gulf of Maine-2 from the June series and 13 from the August
series. The two June bottles, however, represent a much larger percentage than do
the August recoveries; for only 10 bottles were set out in June, and these were the
only ones picked up, whereas 220 were set out in August, most of the recoveries
coming from within the Bay of Fundy. None of the September bottles (75 in
number) were picked up in the Gulf of Maine.

The two June bottles were put out, respectively, .14 and 18 miles south of Grand
Mananon the 18th. One was picked up at Bailey's Mistake (a cove on the north
shore of the Grand Manan Ohannel) about midway of its length; the other was
recovered in Penobscot Bay. Both of these bottles undoubtedly passed out of the
bay in the' outflowing current along the south side of Grand Manan; but the one
circled Grand Manan, to be caught up in the indraftdemonstrated by current
measurements for theprand Manan Channel; while the other, put out only 4 miles
farther south, escaped this eddy and traveled westward along the coast of Maine.
There is every reason to suppose that the 13 August bottles also went out of the Bay
ofFundy along the south side of Grand Manan, for they show very uniform drifts.
One was returned from Jonesport, Me., one from Schoodic Head, near Mount
Desert, and all the rest from the Massachusetts Bay region and Cape Cod. Bottles
from the innermost as well as from the outermost lines in the Bay of Fundy (Mavor's
lines 0 and G) partook of this drift (curiouslyenough, however, none from the inter
mediate line).

Mavor (1922, p. 118) has emphasized the uniform time intervals of 7 of the 11
bottles that were picked up in Massachuset.ts Bay 73 to 80 days after being put out.
This, with the fact that so large a proportion of all the bottles picked up outside the
Bay of Fundy within four months after being set adrift were found along so short a.
stretch of the coast line, is evidence enough of a very definite surface drift from the
northeastern to the southwestern side of the gulf during the late summer and early
autumn of 1919; and the recovery of two bottlesol;l. the eastern coast of Maine
makes it probable that this line of drift lay rather.close in to the shore as far as the
mouth of Penobscot Bay. However, since none were found between Penobscot Bay
and Cape Ann they seem to have followed tracks farther out from the land aloIijt
this sector of the coast line.
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The distance from the Bay of Fundy to Cape Cod being about'220 miles, theRe
bottles, as Mavor points out, must have drifted at an average rate of at least 4 miles
per day. Actually, the rate was no doubt somewhat more rapid than this, becauRB
the track probably followed is approximately 260 miles, at the smallest reckoning.

The regional distribution of the recoveries in the Massachusetts Bay region is
also interesting, none being from the shore line between Cape Ann' and Plym(mth,
but seven scattered around the shores of Cape Cod Bay from Plymouth to the
tip of the cape.65 The hook of Cape Cod seems, therefore, to have acted as a sort
of catch-basin for flotsam at the time these bottles were adrift, evidence that the set
of surface water was then from north to south across the mouth of MassachQ.setts
Bay, as it was in March, 1920 (current measurements at station 20051; p.863), not
around the shore line of the bay, as current measurements show it at times (p.863).

Two bottles, evidently having crossed the mouth of the bay somewhat farther out,
stranded on the outer shore of Cape Cod (near Pamet River Coast Guard Station and
near South Wellfleet wireless towers), and one went to Monomoy Island at the southern
angle ofCape Cod.

BOTTLES SET OUT IN THE GULF OF MAINE

The drifts of the bottles set out in the Bay of Fundy by the Biological Board
of Canada in 1919 were so significant and agreed so well with the dominant set
calculated from current measurements that the United States Bureau of Fisheries has
since released 1,606 drift bottles in the Gulf of Maine and its tributary waters along
the following lines, the returns from which are tabulated below;

DRIFT-BOTTLE RECORD, INCLUDING RECOVERIES UP TO SEPTEMBER 1, 1926

SERIES A: Bottles Nos. 1 to 300; two every halfmile on a line runnin.g 125°, true,
from Cape Elizabeth to the vicinity of Cashes Ledge, June 30 to July 1, 1922.

Set out
No. I~~~--,---~I

Latitude Longitude
Where found Date, Intel"

1922 val

0,"0/" Do"
23 43 30 00 70 04 42 Small Point Harbor, east of Littlewood Island, Me JUly 26 26
26 43 29 48 70 04 06 Between Richmond Island and Cape Elizabeth, Me • , July 5 6
27 43 29 30 70 03 30 Near Bald Head, Small Poin~ Me ••• c_.__• ._••_ JUly' 28 28
28 43 29 30 70 03 30 1 mile east of Cape Elizabeth Lighthouse_~ • ._ JUly 4 4
30 43 29 12 70 02 54 Northwest side of Monhegan Island __• c_" ._. Aug. 16 47
32 43 28 54 70 02 18 Richmond Island Bay, Me , ..._._" • ._ ._.c__ July 13 13
43 43 27 06 69 58 42 Woodwards Cove, Grand Manan Island Oct. 12 104
52 43 25 57 69 56 18 MeUnlc Shoal (northwest of It) c • ~ .---.-- Sept:13 76
6.~ 43 23 4869 52 06 Loon Point, Jonesport, Me .. Sept.1880
70 43 23 12 69 50 40 Chebeague Island, Me . • • • ._________ July 25 25
72 43 22 54 69 50 18 Prouts Neck Beach. Scarboro, Me_. " • • • do 25
75 43 22 18 69 49 06 Boothbay Harbor, Me • • • ." ._" • Aug. 1 32
76 43 22 18 69 49 06 5 miles east of Prouts Neck, Me., opposite Richmond Island .-------_______ Sept. 10 72
79 43 21 42 69 47 54 Thompsons P~int, Cundys Harbor, Me ~•• ; • .---.--".----do---- 72
83 43 21 06 69 46 42 Birch Point, Winnegance Bay, Me. ._" • • ._ Aug. 20 51
87 43 20 30 69 45 30 South Beach, Matinicus Island, Me ' • •• • ., Oct. 12 103
88 43 20 30 69 45 30 Eastern Wolves Island, Bay of Fundy._•• • • • • do 103
00 43 20 12 69 44 54 Bald Head, Casco Bay, Me . • • • July 25 25
98 43 00 19 6942 30 ~miJenortheastfrom~uterJohn'sll!land,nearSwansIsland.Me -_ --.-- Sept. 1 80~99 43 18 42 69 41 0542' ilay of Fundy~Nova Scotia . . Sept. 18

105 43 17 48 69 40 1 mile west of uartsvllIe Breakwater, south shore or Bay of Fundy_. • •__ Oct. 6 98
124 43 15 06 69 34 42 South side of Cedar Island, Isles of Shoals. N. H_••••• ._••__•• Oct. 8 100

II White Horse Beach, Plymouth; Sagamore Highlands; Sagamore Beach; Beorton Beach; North Truro; and three betweeD
Wood End and Peaked Hili Bar Coast Guard Station.



2 miles olI Hlllsburn, Hants County, N'ovaScotla__•__• • Sept. 28
New Meadows River, C8800 Bay. Me_._. ••__._•••• __ • ._______ Sept. 15
1 mile north of Beaver River. county line [N. S. 1]- . ._.__•• •. •. __ • __• Oct" 26
Scotts Bay Beach, Nova Scotla •• ••_••__•••_._. ._. ._•• _. Oct. 21
Entrance of Grana Passage. Nova Scotia ._.__• ••• _. Oct. 24
Digby Neck, Sandy Cove. Nova Scotia, Bay of Fundy side. • • Sept. 28
~ mile'olI west side of Isle au Haut. Me • .- • Sept. 23
l~mlles east of Port Lome Lighthouse, Nova Scotlll ••_. • ------. Nov. 28
Port Lorne, Nova Sootla__•• • ••_. • •• Oct. 21
Metegban Cove, .Nova Scotla. • ._~ •••••• ••--....-.- Nov. 14
Port Lome, Bay of Fundy. Nova Scotia •__• ._. • 'Sept. 26
14 mUes west-southwest from Digby, In Bay of Fundy 3 mUes olIshore__•__••__ Sept. 8
Broad Cove Breakwater, 2 miles from Point Prim Light, Bay of Fundy_.______ Sept. 13
9 miles from Point Prim, Bay of Fundy • .-•••--•• •• .....__ .... Sept. 28
Bay of Fundy shore of Long Island, at Central Grove, Nova Scotla • Sept. 19
Northwest from Salvages fog a!Brm, Nova SQOtlll__..... • ._.-----_- Sept.-. I;
Southern Polpt, Matinicus Island, Me ••• __._ .. -------.--------. Oct, 11
Adv~te Harbor Beach. Cumberland County.NovaS!lOtla__~_ •••~ __• ._. Oct. IS

872

set out

No,
Latitude Longitude

"127 43 14 30 ~9 33 30
128 .43 14 30 B9 33 30
153 43 10 36 69 25 42
165 48 08 48· 69 22 {)6
100 43 05 12 69 14 54
208 43, 02 48 69 10 06
210 43 02 12 69 08 54
215 43 01 18 69 07 06
222 43 00 24 69 05 18
230 42 59 12 . 69 02 54
241 42 57 24 68 59 18
242 42 57 24 68 59 18
248 42 56 30 68 57 30
25S 42 55 18 68 55 06
264 42 54 06 68 52 42
280 42 51 42 68 47 54
284 42 51 06 68 46 42
299 42 48 ,42 68 41 54

:BUU,ETIN OF TlIEBUREAtJ'O:l!' FISHEluES

Where found
: Date; "Intlll'.·

1922 va!

Da"
90
77

118
113
116
90
85

146
113
135
88
70
75
90
81
67

103
107

SERIES B: Bottles Nos. 301 to 900; two every half mile, running 1410 from the
offing of Chatham, Cape Cod, 150 miles, July 4, 1922.

6
1
4
3
6

80
5
2
6
o
1
7
6
3

88
06
5

65
3
8
8

60
82

6
34
40
5
7
3
7

23
2
5
4

22
7

22
8
7
4
1

68
6

Setout

I
No. Where found Date, Inter

1922 val
Latitude Longitude

0 ,
" 0 ,

" Da"
301 41 41 00 69 53 00 1~ mues north of Cosst Guard statiOn 41, Nausett 'Beach.MIlSS~__• , ___• ___•__ July 11
302 41 41 00 69 63 00 Stonewall Beach, Chilmark. Mass. (east of Old Bull bell buoy) _________________ AUg. 26 5
303 41 40 36 69 52 36 Sakonnet River, R. I ___• ______. ________________________ . ___________ •___________ July 30 2
304 41 40 36' 69 ,52. 36

g~~l~~n~~ss-::- ::::::=-:::::::::::::::-::::::::::::::::::::::::::::::::::: Jlllyll
308 41 39 40 69 61 48 Sept. 10 6
309 41 39 24 69 61 24 West side of Nantucket Harbor, mouth of Jetty ________• _________• ______________ Dec. 31 1
311 41 39 00 69 51 00 60 miles south-southeas.t of Cape Cod I;lght._•••_,._.•__ "_______~-----. '.______• July 21 1
314 41 38 36 69 60 36 West end, Cuttyhunk Island _, ______• ____•_________•______._. ____ .______• ______ Aug. 7 3
317 41 37 48 69 49 48 On Beach near north IIghthoulle, :aIock IsIB\1d•••• _,.__• ___________._.___• __ •__ • Aug. 11 ,3
331 41 35 00 69 47 00 ~ mile north of Gay Head

i
Mass __________• _____• ____________ ._.___ .__ ~__ . _____ Aug. 6 3

333 41 34 36 69 46 36 On Beach near southeast Ight, Block Island ________. _______• ___•__ •___________ July 7
334 41 34 36 69 46 36 Newgort Beach. New~ort.R. I _________•__• ___________• _______________••• __•___ SeEt.12 6
337 41 33 38 69 45 48 Sout side, Marthas Ineyard Island _____________________________• ___________ Ju y 23 1
343 41 32 36 69 44 36 Chilmark, south shore Marthas Vineyard ________ .____. ________________• ___ : ___ Aug. 29 5
348 '41 31 48 69 43 48 6 miles north of Finls·terre Ligh~France _. ______________________••__ . ____ •_____ 1 Sept. 16 -.- .._...
357 41 29 48 69 41 48 76 miles southeast from Cape Co [light 11---------...--------------------.----- Oct. 3
358 41 29 48 69 41 48 Hampton, Annapolis County, Nova Scot a ____• ___• _________._.________________ Oct. 21 1
362 41 29 00 69 41 00 76 miles southeast ~ south from Cape Cod LI~ht--------••--------------------- July 12
376 41 26 12 69 38 12 Between Horseneck Beach and Barney'S Joy oint__• __________ ••______________ Sept. 10
389 41 23 24 69 36 24 Head of Mlacomet Pond, Nantucket, MIlSS ____________________________________ Aug. 19 4
896 41 22. 12 69 34 12 76 miles south-southeast from Gape C(ld right] •_______••_____ •_____••_•••_____ July 16
406 41 20 12 69 32 12 48 miles south-southeast from Cape Cod Ight________________________ • _____•••- ___ do ____
422 41 17 00 69 29 00 12 miles south of Sakonnet Point IIght.__________• ____ •______• ___________• ____,. Sept. 6
433 41 14 36 69 26 36 Hampton, 26 miles east of D~bY, Nova Scotla __• _______...____ •__• _____••__• __ Sept. 27·

~
41 14 12 69 26 12 Lat. 42° 07' N., long. 660 41' ___• __._.___ • ____ ._•••••____________• ____________ Oct. 11 9
41 12 12 69 24 12 1~ miles west of U. S. Coast Guard Station 47, Muskeget ___••______• ___.------ Aug. 10

447 41 11 48 69 23 48 300 yards east of boat house, Fishers Island. N. Y ___••__••-----.--.---------••- Aug, 16
462 41 OIl, 00 69 21 00 Near Port George, Nova Scotia_____ •____• __••__-____•.---;•••---••-------.-.---_ Oct. 20 10
484 41 04. 36 69 16 36 South shore of Marthas Vineyard, east of No MaosLand ___.-------.---_------ Bep,t. 12 6
lilO 40 69 24 69 11 24 72 miles southeast by east from Cape Cod Light ••_••~__••-.-•••-----.--••- .___ Ju Y 10
628 40 56 48 69 01 48 West shore. MlshaUID P·olnt. Mass-.------••- ••S--~---:_.~••••--.------------.- Aug. 13 3
·636 40 54 12 6'9 06 12 East-southeast ~ mile from mouth of Vineyard (lund,MIlSS_____•• __•_____•___ July 30
1141 40 63 00 69 06 00 South' Bllaoh. lCatama Bay. Edgartown. MIlSS___._.___•__• __._••___• __________ Aug. 28 6
543 40 62 36 69 04 S6 . Georges Bank, lat. 41 0 16'••___._.__••________-••_.--••------••-.----____________ Aug. 11 3
<'147 40 61 48 69 03 48 Onbeach. Nantucke~Mass __________... _.___•• _______.--- _______._••• ___• _____• Aug. 20 4
648 40 61 48 69 03 48 4 miles southwest of Ineyard Sound I;Ightship. MIlS8______ ••_. ______________• July 29
667 40 49 48 69 01 48 Katama BaYnE~arto~ MIlSS-______.-__••__• _________•______• _____-.--.__ ~__ Aug. 13 3
669 40 47 24 68 68 24 Near Buoy, If. ead. 1lSS•• __•________ •._________•__________•• _••• ____ •__••_ July 29
.680 40 46 24 68 66 24 1 mile east of . S. Coast G!18rd St.allon 47. MIlSS__ •_____•••____• _____.__ •______ July 25 1
682 40 40 00 68 56 00 Southeast shore. Block Island, R.I __••- •••__••-_.___._.-----_____• ___..___ •__• __ SeEt.12 6
684 40- 44 36 68 65 36 HQJ'llenel!kBllach. MIlSS-_-.-.-_·--.a.--------..----------------.-..--.----_.___ Ju y 31 2
685 40 44 12 68 65 12 On MllSSaohusettsand Rhode I$n Ilne••__._.__._.___________________.-.-••-- JUly 28 2
687 40 43 48 68 54 48 Off Grace Point. Block Island_________ ~____•____._.____• _________._•• __________ Sept. 13
588 40 43 48 68 54 48' Penlkese Island, MIlSS___• ___••_••_.___•__.~~_~••••~._ .•_.___~_~•••_._.__ ~__._ Aug. 2 2

11923.
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22

29

30

28
27

7::
64
7

68
2

29
1

1
9

86
86
1
1
2

86
82
1
4

8et out

No. Where found Date, 1I)ter-
1922 val

Latitude Longitude ·'d'.
'.'. ,

" . ,
" ..

~7SIlO 40 43 24 68 54 24 Crescent Beach. Block:Islas4,. R. L ___•__--____---_•••_._.__________---_.______ Aug. 11,
591 40 43 00 68 54 00 Middle Ground Shoel, V1ueyard Raven, Mass__•______•____ ~__••___________•___ Aug: q

~593 40 42 86 68 68 86 Bathing Beach, Southamrt0n. Long Island __ •_______••••_______•••___.•__•••••__
8e~t.l~

696 40 42 12 68 63 12 ~ mile north pf 8ekonne . Lighthouse. Sakonnet River. R.I_•••••_.________• __ 1 y 3Q 23
697 40 41 48 68 52 48 On Beach at Horseneck, Westport. Mass_________•••__•_____._._.•____•___._.___ Aug. 7 81
600 40 41 24 68 62 24 Tarpaulin Cove. Naushon Island, .MaS$••_--------_--_••-.--.-----~.---------.- Aug. 26 110
602 40 41 00 68 62 00 Near Lighthouse, south besch, Gay Head, Mass__~_~ ______• __---~--.-.--.------ luly 29 112
603 40 40 36 68 51 36 27fmlles northwest ofVlney-ara Sound Lightship. Mass.__._._-----.-.----••- futi. 1 ~
604 40 40 86 68 61 86 Old Harbor Point, Block Islaud. R. 1________.••________.----••-------.-.--.---- . ug.10 34
605 40 40 12 68 51 12 West Horseneck Beach, Westport.Mass___• ___••_.___•_______••--.-----.-_----- lu1y 29

~606 40,40 12 68 51 12 West shore Block Island, R. L __. _____• _______••________._._•••__--_______. ____ Aug. 19
608 40 39 48 68 60 48 Narragansett Pier. R. L ____•_________••__ .______•___.---__• __• ________ •_____._ Aug. 7 81
009 40 39 24 68 50 24 North·northwest of Old Harbor Breakwater, east side. R; L_._______•___·______ AUI•. 4 28
611 40 39 00 68 50 00 1 mile'north of Wasque Hm, Chap~lddlC Island. Mass_••______- _________ lUly 27 20
618 40 38 36 68 49 36 1 mile east or Coast Guard station ~ ong Island. N Y ____•___••_.___•_______ ,Aug. 7 81
614 40 38 36 68 49 36 Hi miles West of Barney'S lOt Point, Mass_____ •__._••__.-.-.-------------____ luIy 29 22
616 40 38 12 68 49 12 6 miles below Edgartown. sou h shore Martha's Vineyard. Mass______•____••__ Aug. 20 44
617 40 37 48 68 48 48 Pleasant View Beach; R. 1•. --------------------------------.-.----------------_ lu1y 28 21
.618 40 37 48 68 48 48 Westport Point, Mass___••••-.---~-----.---------.------••---.-----••---.__••_. ID~. 29 (1)23
620 40 37 24 68 48 24 Horseneck, Beach, Malls___._._.________•••• -••-----.-.----••----.----.---.____ lU~ 31
621 40 87 00 68 48 00 Horseneck Beach, Westport, Mass.__._._____.------ ._••••.__•_______._••___• __ "... __.- .2ll
622 40 37 00 68 48 00 Matunuck Beach, R. I..______•.._.__..___._•.---.c_•••_•••..._..•.__•___._._ Aug. 8 32
624 40 36 36 68 47 36 Near Warren Point, LIttle Compton, R.1.••_____••_.___._••_._______•••••••_. luly 29 22
627 40 35 48 68 46 48 Cornwall, Englaud. _'_••• _••___•__________••__••••__•____._~_••--••-.-.--.-••- 'Aug. 14

.~628 40 35 48 68 46 48 37i miles west ot Montauk Light Station ._......_. __._.______••__ •___•_____._•• Sept. 10
629 40 36 24 68 46 24 West Horseneck Beach, Mass._____ •_____ •___•_______ •____• __ •_______._._______ Aug. 1 25
680 40 36 24 68 46 24 South shore. Chilmark, Mass. ___________._.________••_.___ •_____._••_________• Aug. 2 26
631 40 36 00 68 46 00 4 miles below Edgartown, south shore Marthas Vineyard, Mass_....-c-_.___.__ Aug. 6 30
634 40 34 86 68 45 36 2 miles northwest of Vineyard Sound Lightship, Mass_____••_.____________••_ Aug. 1 81
635 40 34 12 68 46 ,12 1 mile southeast of Westport Harbor, HorseneckBeach. MaS$_.__._••_••-.-.-'-- Aug. 7 31
637 40 83 48 68 44 48 3 miles soutll-sout~east of Cuttyhunk LI~hthouse.CuttYhunk, Mass_.______._ lUly' 28 21
638 40 83 48 68 44 48 BetwllOn North L~ht aud New Harbor hannel, WllSt Beach, R. I ______ •••-- Aug. 6
639 40 83 24 68 44 ,24 Halfway between oast "Guard Stations 66 and 67, MontaUk. L. I __________._ Sept.16 71
641 40 33 00 68 44 00 On beach near Falmouth

t
Mass__________••___________• _____•___•____•__•_____ • Aug. 20 44

644 40 32 36 68 43 36 West end of Nashawena sland, Mass... _.______________._.___________• _____• __ luly 29
646 40 32 12 68 43 12 7i mile southeast of light on beach, Block Island, R. 1_______________, _.__• __ ._ luly 7 1
646 40 32 12 68 43 12 Charlestown Beach, R. L_••___•_____ ••___________. _____________._.__ •____•••_. Aug. 5
647 40 31 48 68 42 48 10 miles west of Montauk Point. south side Long Island, N. Y ____• ______•• __• Aug. 7 81
648 40 81 48 68 42 48 BetWeen polntludlthand Charleston. opposite East Island __•••___ •__________ Aug. 17 8.1
649 40 31 24 68 42 24 Sakonnet Point. R. L_._______•____._.____•••_____•____•__•______••___•______ Aug. 4
660 40 31 24 68 42 24 6 miles southeast from Sakonnet Point Light. R. 1_____••_•••___.-----••------- Aug. 8
651 40 31 00 68 42 00

~~:l~~gt~~~tt.~:!:..:-·::::::::::::::::::::~:::::::::::::::::::::::::~=::::::: ~~~. n 21
662 40 31 00 68 42 00 6
653 40 30 36 68 41 36 Near Life Guard Station 65, Ditch Plains, MontaUk, L. I _••J __••_~.-__.______ Sept. 9
654 40 3a 36 68 41 36 7i mile east of CoastOuard Station 73. opposite Hampton Bays, N. Y __ • ____• Sept. 11
.666 40 30 12 68 41 12 East sideof Block Island, R. L __ •________• __ ._... __ •__._••_._____•_____._______ Sept. 9
656 40 30 12 68 41 12 Saga~liackU'. I. northeast of Brldgeharoptoll____._•• _..._______•________ •____• Sept. 12 ~

658 40 29 48 68 40 48 Gay ead, ass. ____._. __•••____•______••----_. ____•• __ ..___ •__•_________•__._. Sept. 8
661 40 29 00 68 40 00 17i miles west ot Charlestown. R. I. (1) ••---M--.---....--------•.--------- .•-- Sept. 17 7
662 40 29 00 68 40 00 17imlles from l~hVouthshore. Gay Head, ass___________.••________._._••__ Aug. 5
664 40 28 36 68 89 36 1 mile south of 0 ans Land. Mass.__••_.__•• __•• ____••_~.___•••_.••______._._ luly 28 2
665 40 28 12 68 89 12 Start Point, bearing north·northwest, 15 miles, Eugland._._____ •_______•••____~ '8ept.19 (f)
666 40 28 12 68 39 12 West Beach, Horseueck, South Westport, Mass -.__••____._._••__.c._______._. Aug. 7 3
668 40 27 48 68 38 48 37i miles from lI~ht, south shore, Gay Head, Mass____ ••••• __•__._._.____•___•• Aug. 5 2
669 40 27 24 68 38 24 2 miles north of oast Guard Station 17~.JCltty HIIWk. N. C __ ...__ ..___•______ Sept. 26 81
676 40 26 12 68 37 12 Coast Guard Station 176. near Manteo. .0_._.___•_____________________._.•__ Sept. 30
679 40 25 24 68 36 24 1 mile north ot Coast Guard Station 165 __••____ ._.____•_____• __•__•••__________ Oct. 1
680 40 26 24 68 36 24 ~ mile north of Coast Guard Station 171 ___•______ •••_._.____._••_•••••__._.___• se.f.t.22 7
684 40 24 36 68 36 86 1 mile north of Coast Guard Station 170 .--___••_._.___._._._._____•____._.______ ._ 0._•• 7
686 40 24 12 68 86 12 Near Coast Guard Station 179 ____ ••______......-__••_______•___•___•___•___.___ Sept. 27 8
688 40 23 48 68 34 48 1 mile north of Coast Guard Stlltlon 176__________•______•••__••••• __•______.____ 8ept.30
695 40 22 12 68 33 12 Kitty Hawk, N. C ___•________._•••______ •_____"•••_______••_._.____•___••_••__ Sept. 27
700 40 21 24 68 82 24 IV. miles west of Coast Guard Station 51), Green H1~ R. I._.______~_. ___••____• 8ept. 12 6
702 40 21 00 68 32 00 8 miles west of Montauk Lighthouse, Long Is!aud, • Y __._••_••_____••_••_._.. 8ept. 19 7
703 40 20 86 68 31 36 17i mile south o( Coast Guard Station 170 .. __• __ ••_____••_._.____•_____•••___._. Sept. 21 76
707 40 19, 48 68 30 48 Near life-saving statilln, east I;JeaCh, Montauk, L. I ____._.____•••••__.__________ Sept. 12 67
718 40 17 48 68 28 48 2/J miles east of Quonochontaug life-saving StatIon. R.I_._._••___•____•••_._•• __ Sept. 13 68
724 40 18 36 68 27 361 E gartown Harbor, Ed8'rtown, Mass•••__••___•• __• __- __•••________••_._____•• Oct. 16 100
727 40 15 48 68 25 48 17i mile south of Coast uard Statiou 9 ______ ••_._._._._._.__ "___• ____ •• ___••_ !Mar•.4

~~728 40 16 48 68 25 .~ ¥t~r:~..:~~~.~~_~~~~_?~~:~_"~~~~~~?~:.~~~~~._::._._ ____::::::::::::::::::::: se~:) 22731 40 '16 00 68 25 (I')
732 40 16 00 68 26 00 Ott Gooseberry NeCk. near Westport Harbor, Mass ._.___ •______••___•__••___•• Sept.

11923.
lOne year 4 months and 22 days.
'1926., '
'Four years 1 month lind 7 days.
'1924. .

, Two yellrs 2 months and 12 days.
'1923.
'8even months 25 days,
'luly, 1923.
laAbOll1t 1 year.



2 miles south ofCoastOuard station 170, DuCk, N.,C __ ~------_--------~------- Sept. 29
W~t end of Baileys Beaoh;N!lwpott. R. I __••_._._. ~-.------- Sept. 13
Gran.d Canary Is.Ian..d---.-----.__.-.-.-.__ '_~_-,-. __. , . _---_--------"---------_-\IAPr. 1Southesst by south ~ south, 35 mll!lS'from No Mans Land ._-••__• .______ Sept. 20
6 miles southwest of Gay Head, Mass•• --- ••_•• Sept. 6
Point 0 WOOd

l
Ffre Island. Lon, Island, N. Y_._, •• • • •__•• Oct., 8

Lat. 410 20' 4A '. long. 700 38' 30' __~--_~ • "-----------.---------- Sept. 4
2 miles east of Coa..t Guard Station 70 ~ ;---"------- Sept. 20
J1i mile south of Coast Guard Station 169. ._~ "' ""-.--------.---.--------- Oct. 141 mile south of Coast Guard Station 181 • • • Sept. 27
Roughley, Sligo Bay, Ireland ••__•• ._, .. .___________ 1JUly 18'
South shore of Marthes Vineyard, Mass "--;-- '_.~.--.----------•• __ • Sept. 4
South Besch, Edgartown. Mass ." •__._._••• ~---••-...---•.---------- Aug; 29
Southwesterly shore 01 Matthes Vln!lyard,- Msss • • ••• ._..__ Sept. 7
~ mile on the shore northeast from the breakwater, SlIkonnllt Point, R. L_____ l3ept. 6
1 mile south of Coast OuardStatlon 173 ~---•._~; .. _.__._ ~ • ._" Sept. 28
HorseIl1lck Beach, Westport, Mass __••"------.--"-------. ,, • Sept. 16
1 mile below Bodies Island Lighthouse, N. C. .; •• "-----.-.-••"-- Oct. :IJ1i mile north of Coast Guard Station 177~ • • • .•__~_. do _
In Bay at Nantucket, Mass. "" • ._._.~, __ ..-. _~_"_.•" "----~. Nov. 22
10 miles southwest by west of Sankaty light, Nantuck~t,Mass •__• ".. 'Aug. 28
9 miles north of Bodies Islsnd light Statlon ••_••, __. .;__________________ Sept. 18
South side of Marthas Vineyard. Mass • • • • • -- Oct. 1
South Beach, Matthas Vll)eyard,Edgartown, Mass • ••••_•• Ana:. 28

S74

Set out

No.
Latitude Longitude

0 ,
" 0 ,

"739 ~ 13 24 68 23 24
74A 40 12 12 68 22 12
749 4(l 11 24 68 21 24
71i2 40 11 00 68 21 00
753 40 10 36 68 20 36
762 40 09 00 68 19 00
770 40 07 24 68 17 24
775 40 06 12 68 16 12
777 40 0& 48 68 15 48
779 4(l 06 24 68 15 24
787 40 oa 48 68 13 48
790 40 oa 24 68 13 24
802 40 01 00 68 11 00
804 ~ 00 36 68 10 36
806 40 00 12 68 10 12
822 39 57 00 68 07 00
824 39 56 36 68 06 36
835 39 M 12 68 04 12
837 39 63 48 68 03 48
839 39 63 24 68 03 24

, 844 39 82' 86 68 02 36
845 '39 5Z 12 68 02 12
890 39 43 24 67 53 24
900 39 41 24 67 iiI 24

BULLETIN 'OF THE BUREAU OF FISHERIES

Where found Date, Inter-
1922 val

Dtl.I/'
84
68

<I)
75
61
93
59
71i
99

112
C")

59
53
82
61
83
71
87
,87

141
52
73
86
52

'1924.,
• One year 8 montbs and 24 days.

11923.
"One yeat 11 days.

SERIES D: Bottles Nos. 1501 to 1600; two bottles every half· mile on a line run
"bing 1/500 fr9m Bakers Island, off MOWlt Del'lert, for 25mUes; August 6, 1923.

Set out

No. Where found Date, Inter·
1923 val

Latitude Longitude

0 " 0
Da1/'

1503 44 13 19 68 10 25 Duck Islsnd, 'Me_.__•________._.___"___.,.___._._.__ ••_~._._._.____••_____."_. Ang. 8 2
'1504 44 ,13 19 -68 10 2Ii Near Baccaro lighthouse, Shelburne County, Nova Scotia_•••___•_____• ________

Oc~. 18 73
1506 44 12 1\3, 68 10 0Ii Comeau (Jove, DlgbtrCOunty, N,ova Scotla__••"---.--"-"-.------••--------••-- Oct; 7 62
1510 44 12 01 68 9 25 Great Duck Island, e__•_____ •____•__•_______••__ ••__~._____"________ •____~__

A~. 8 2
'11iU 44 n '35 68 9 05 Winter Harbor, Me_______•____ ._~ __ ~_________•_____•__ •___ '_~_____•__._ •__ .,_ IJ y19
1515 44 -to .3 68 8 25 Point of outer Long Island, Me •___'_~________•______ ~__________"__ •__•_________

Aug. 8 ------2
1521 44 9 25 68 7 2Ii Kennebunk Beaoh, Me.__•__ ~___."--------~--- .~ __ ._.---.---.- _.__ •___________ Sept. 7 32
1523 44 8 59 68 7 0Ii 8 miles southeast of Isle au Haut, 'Me •___ •______•_____•__ •_____________••_.____

Ana:. 7? (1)
1530 44 7 41 68 6 00 Salmon River, Digby County'L'fova Scotla __._"--.--------.--.-------."--____ Dec. 17 133
1531 4. ·7 '15 68 5 45 East side Petite Passage, Digby County, Nova Scotla_--___•___•_____.;_._____ Oct. 16 71
IM1 44 5 05 68 4 05 ,West side Egg Rock light, Hancock County, Me.____________•____•________•__ Sept. 11 36
546 44 4 13 68 3 25 Deep Cove, Isle alt Haut, Me ___"---.--.-----.------_._______._~_______•___•• _ Sept. 14 39

1M7 44 '3 ' 47 68 3 05 Salmon River Beach, Digby County, Nova Scotia. ____".________•____ ••____._. Oct. 9 64
lMO 44 :3 21 68 2 46 Seudish Island, Me ..__________• ________•____•_____ •___________________•________

Sept. 10 35
IM1 44 3 '00 68 2 45 Pubnico Harbor, Nova Scotia _________________•____________._ .___•_____________

IJan. 4 151

m~
44 2 29 68 2 0Ii 1~ miles WNW. of Matinicus, Me __ ~__________ ~ ____ ._._______________________

Sept. 12 37
44 ::2 29 68 2 05

~::6~ie~~~:if.i~ov;&~ii8::::::::::::::::::::::::~::::::::::::::::::::::::::: Sept. 9 34
IM7 44 1 37 68 1 25 lJan. 4 151
i563 44 0 19 68 0 25 Pleasant Cove,D~bYCounty, Nova Scotla_~-.-.-------"-----------.-------".-Oct. 8 63
'156/i 43 59' 53 68 0 06 States Point, St. eorge, Me_, ________._.__________ ••______ •• _____•__________._

Sept. 9 34
156ft 43 59 Ii3 68 I) 06 Wooden Ball Island, Me. _______ •____"---...--".~--."-----~----------.---.""__• Sept. 11 36
1688 ~: 59 ''1¥1- ~7 liD 45 Meteghan River,St.M~ Ba)1 Digby County, Nova Scotla__ •________ •______ Oct. 7 62
1576 43 $7: 43 67 68 26 3 miles west from Petit anal)~t, Me_~_.______________•__________________._

Sept. 13 38
1581 ~ 68 25 67 57 25 Wilst side of Grindstone Neck:, , Inter Harbor, Me. ___•______••_______________ Sept. 8 33
1584 43 6li '89 67 67 05 Haycocks Harbor, Washlnruon C()Unty, Me_~_ ..___. ____________ ••___._•• ___: ____ Nov. 7 93
1587 43 66" 7 67 56 25 Near Port George, Annepo is, County,l.'fova Scotia ______ : _____._. _______------. Nov. 2 88
1699 43 &2" 111 67 M 25 Near bell buoy, Burnt Island, Me._'______ ~__________ :_______________•______"__ Sept. 10 35
1600 43 ~ 31 67 M 25 Northeast Matinicus. __•• , ____•___"_--- ______ •______• _________~"- __•___________

Sept. 8 33

11924.

SERIES E: Bottles Nos. 1701 to 1800; two ev~ half mile along aline running
1250 from Cape Elizabeth whistling buoy, for 25 miles, August 4, 1923.
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bate, Iuter.
1928 'val

Set out
No.

Latitude Longitude

,
"1702 43 32 00 70 12 00

1712 43 30 36 70 OIl 10
1720 43 29 '27 70 6 54
1721 43 29 10 70 6 20
1726 43 28 36 70 6 12
1728 43 28 19 70 4 48
1731 43 27 46 70 3 40
1732 43 27 46 70 3 40
1733 43 27 28 70 3 06
1734 43 27 28 70 3 06
1740 43 26 37 70 1 24
1763 43 23 23 69 54 36
1764 43 23 23 69 54 36
1768 43 22 49 69 63 28
1769 43 22 32 69 62 64
1773 43 21 68 69 61 46
1780 43 21 07 69 60 04
1792 43 III 26 69 46 40
1793 43 19 08 69 46 06

Where fOUIld

~i:f:=~'~a:s:::::~:::::::::::::::::::::::~::::::::::::::::::::::::::::::::: ~~~. ~
Clifford's Cove. Long Island! Nova Scotla • •• __.--.----. __.---------- Oot. 20
4 miles southeast Seguin light, Me. • ..._.,, • •__._•••.•__.~ Sept. 8
Entrance Grand Harbor

i
New Brunswick. Nova Scotla._•• •• __ ••_._. • Nov. 26

New River BelICh. Char otte' County, New BrunswiCk, Canada.__.. __••• ._ Oct. 22North Boach, Chatham, Mass. ._. •• • ••__• Dec. 6
New Meadows River, Me. • .• •• ._._._._. ••••_••_. __ • Sept. 14
Mascabln Point Jjgh~ New Brunswick, Canada. ._.__._._.__._. •• • Oct. 21
.Pond Island, Casco !jay, Me. •••__._._. • • • • • Oct. 1
Shore of Round Pond Harbor, Me_.__ ••_~.__• •• ••• •.•__•• Nov. 2
Salmon Rlve!i. St. Marys Ba~tNova Scotla •__•••__._._. ••_•• __ •••_••_.__ Nov. 6
Centreville, uigby County, Nova Scotia •__•••• • •__ ._____ Oct. 9
Bay of Fundy shore, Digby County, Nova Scotla_•••_. ..__.••• •••_.__ • Oot. 10
Comeau Cove. Digby County. Nova Scotla •__• ._. ._••• •__

j

Oct. 10
Big Wood Island, Grand Manan, Nova Scotla._•• •••••_ ._. •• ••• • Oct. 2
Bay of Fundy, Brier Island. Digby County, Nova Scotla_. • •••• Nov. 4
Metlnlc Island, Me... • •••••. • • ._.._._•••_••• •__• oct. 10
Sheepscot River, Me ••• •__ ._. •• • ~.-----.- ••-----...-.j Sept. 10

DIIp'
81

139
74
32

111
76

121
38
76
56
77
9Il
68
64
64
66
79
64
34

SERIES F: Bottles Nos. 1601 to1700; two bottles every half mile along a line
running 99° from Thatchers Island, Cape Ann, for 25 miles, August 9, 1923.

Date, Inter·
1923 val

Set out

No.
Latitude Longitude

1636 42 36 22 70 19 23
1636 42 36 22 70 19 23
1646 42 36 02 70 16 68
1648 42 36 68 70 15 17
1672 42 36 10 70 7 06
1677 42 34 68 70 6 16
1692 42 34 30 70 0 16

Whete found

Yarmouth HlIrbor. Yarmouth County. Nova Scotla_•• •••__•__• ._. Oct. 18
Port Maitland, Yarmouth County, Nova Sootla.. ••_._••_---. • __._.__• Oct. 12
Cockerltt Passaf~.Shelbourne County. Nova Scotla••_••• •• • ._ Oct. 13
16 miles north 0 xarmouth Cape, Nova Scotla. • ••__•• _••• .• Dec. 26
East side Digby Gut, Nova Scotla. ._. , ._••__ ••_••••• Nov. 2
Dogs Bay, Roundstone West, County Galway, Ireland ••__ • ._.__ 'Jan. 2
East of Preston Llttlehampton, Su.'!Sex, England __••__•• • ••__ 2Sept.26

Dar'
60
64
66

138
86

11926. '1924.

SERIES G: Bottles Nos. 1801 to 1900; two every half mile on a line running 730

from a point half a mile off the radio towers at South Wellfleet, Cape'Cod, for 2~

miles, August 16, 1923.

Date. Inter
1923 val

Set out
No,

Latitude Longitude

1815 41 56 03 69 62 40
1826 41 66 48 69 49 36
1881 42 00 67 69 31 20
1886 42 01 16 69 30 06
1892 42 01 42 69 28 15

, 1924.

Where found

Nauset Harbor, Mass_••__ . ••••••••_. •••_••••_.__••__.~ ._ Sept. 12
Nauset Lighthouse, North Eastham, Cape Codj Mass _.__._••••••~ ••• ._•• Aug. 18
Eastern edge of Georges.Bank,latitnde 41° 50', longitude 66°0'•• • • Oct. 14
Bally Telque Bay, Kilnare Quay, County Wexford, Ireland••• . ._.._ 'Sept.2O
Tiverton. Digby County. NovaScotla•••_••__••__"•••_. • • 'Jan. 12

Dars
27
2

69

'-"i49

SERIES H: Bottles Nos. 1 to 85, placed in Nantucket and Vineyard Sounds in
1924, as follows:

LOn a ,~ne from Great P()int, Nantucket IsJaIld, Nt 100W'Hru.nn,~, about
one-half mil~ west ofHandke:rchi~f Shoal>n~htshiptq'fithinaboutl~'niiIel:tqf~h~
coast of Cape Cod. Bottles dropped approximately one-third niile a.Part.· 1lo~t1~
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No.1 was dropped nearest Great Point at 11.17 a. m., August 4. Bottle No. 45 was
dropped nearest the mainland at 12.45 p. m.

2.' On a line from Succonesset Point to Cape Pogue. Bottle No. 46 was dropped
nearest Succonesset Point at 10.17 a. m., August 5, while No. 67 was dropped nearest
Cape Pogue at 10.59 a. m.

3. On a line from Pasque Island to Menemsha Bight. Bottle No. 68 was
d.ropp~d nearest Pasque Island at 12.04 p. m., August 6, and bottle No. 85 was
dropped nearest shore in Menemsha Bight at 12.38p. m.

Set adrift Recovered

No.
D.ate,Date, P18ce Plaee1924 1924

--
2 Aug. 4c. From Great Point north 10· west % Oct. 4 Point Plsassnt Beach, N. J.

mlle.
3 ••_do •__• From Great Point north 10· west 1mlle_ Sept. 29 1 mlle east of Mecox station, Bridgehampton, Long Island,

N.Y.
14 ___do ____ From Great Point north 10· west 4% Sept. 22 East Hampton, Long Island Beach.

miles.
19 _._do ____ From Great Point north 10· west 6:J.t I Mar. 4 Eorabus, Bunessan, Muli, Argyle, Scotland.

miles.
Z1 •__do •. __ From Great Point north 10· west 9 Sept. 30 Lonelyville, Fire Island, N. Y•

miles.
28 ___do ._•• From Great Point north 10· west 9:J.t Oct. 7 About 72d Street, Holiday Beach, N. J.

miles.
.31 _••do ___• From Great Point north 10· west 10:J.t Sept. 29 Beach Haven, N. 1.

miles.
37 ••_do ___• From Great Point north 10· west 12:J.t Aug. 22 In Bucks Creek, South Chatham, Mass.

miles.
38 _._do •••_ From Great Poiut north 10· west 12% Aug. 20 Harwlchport, Mass.

mlles.
39 _._do __._ From Great Point north 10· west 13 Aug. 7 1 mile west of Monomoy Coast Guard statioJ;l :(south 0

miles. Che.tham, Mass.).
41 •••do __•• From Great Point north 10· west 13% . Aug. 11 Forest Beach, South Chath!lm, Mass•

miles.
42 •_.do ____ From Great Point north 10· west 14 Ang. 9 Hardlngs Beach light, Chatham Bay, Mass.

miles.
43 ___do ••_. From Grest Point north 10· west 14% Aug. 16 Yo mile from Hardings Beach light, WtSt Chatham, Mass.

miles.
44 •••do ._._ From Great Point north 10· west 14% Aug. 9 Bucks Creek, South Chatham, Mass.

miles.
415 ___do _••• From Great Point north lO·west 15 Aug. 10 South Chatham, Mass.

miles.
46 Aug. 5 From Succonesset Point south :J.t mile_ Aug. 26 4 miles southeast of Rose and Crown Buoy, Nantucktl

Shoals Mass. .
47 __ .do _._. From Succonesset Point south % mile. Aug. 16 1 mile 011 Wiano Point, Cap: Cod, M8IS.
49 ._.do ____ From Succonesset Point south 1:J.t miles_ Aug. 11 West side of Great Island oint, Hyannis Harbor, Mass.
50 _••do ____ From Succonesset Point south 1% miles. Aug. 10 Near Hyannis Lighthouse, South Hyannis, Mass.
51 •••do ____ From Succonesset Point south 2miles._ Aug. 29 Mouth of Bass River, Cape Cod. Mass.
52 _••do __._ From Succonesset Point south 2:J.t IUlles. Aug. 9 Between Marthas Vineyard and Suceonesset Point, Mass.
53 _•.do _.__ From Succonesset Point south 2% miles. Aug. 18 West side of w,annis Harbor, Mass.
55 _._do ____ From Succonesset Point south 3:J.t miles. Aug. 10 West Beach, yannisport, Mass.
56 _._do ____ From Succonesset Point south 3%miles. Sept. 11 Bass River, Mass.
63 _••do "___ From Succonesset Point south 6 miles". Aug. 31 Dennisport Beach, C~ Cod, Mass.
64 _••do ____ From Succonesset Point south 6:J.t miles. Aug. 26 Foot of Morey Lane iasconset, Mass.
66

__ .do ____ From Succonesset Point south 7 miles.. 'Dec. 17 At entrance to Chatham Harbor, Mass.
67 ••.do ____ From Succonesset Point south 7~mlles. Nov. 10 1 mile west of the Green H1JJ Coast Guard station (R. I. 1)
68 Aug. 6 From Pasque Isle south :J.t mile_.______ Aug. 18 Northeast shore of Cuttyhunk Island, Mass.
69 __ .do ____ From Pasque Isle south % mile__•• ____ Aug. 14 2 miles north of Woods Hole, Mass.
71 _••do _,._ From Pasque Isle south 1:J.t. miles ______ Aug. 7 U mile northeast or Cedar Tree Neck, Vineyard Bound, Mass
72 •••do _••_ ' From Pasque Isle south 1% mlles .•••_. Sept. 21 Extreme end of Tuckernuck Island, Mass.

, 74 __ .do ._". From Pasque Isle south 2:J.t miles _. ___• Sept. 22 Brant Beach, N. J.
76 •••d()..~._ From Pasque Isle south 3 miles ._._.___ Aug. 14 4 miles northwest of Vineyard Sound Lightship.

. 79 ___do __._ From Pasqua Isle south 4 miles __•• ____ Aug. 27 Menemsha Bight, Vineyard Sound, Mass.
SO __ .do •••• From PllSque Isle south 4:J.t miles ••__ ,,_ Aug. 10 East pass~e, Narragansett B:;:, R. I.
81 __ .do ••_. From Pasque Isie south 4% miles __._._ Sept. 29 1 mile nort of Sea Isie Clff.' .J.
82 •••do ___• From Pasque Isle south 5 miles ________ Sept. 30 Hereford Iniet, Anglesea, . J .
83 ••_do ____ From Pasque Isle south 5:J.t miles ___•__ Aug. 11 Ribbon Reef, Yo mile west of buoy.

11926 J 1924.

SERIES I: :Bottles N<>s;l to 60, set adrift inMassachusetts and Cape Cod Bays,
FebrUa:ry6 lindT, 1925, by.the Fish Hawk, cruise No.6. (For station record, see
p;1004.) . . .
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Dal/.
Near radio station, Nantucket.__••_._ ••••• lune 14 128
Fire Island Coast GUtIfd, station, N. Y _•••••••_... luly 4 87
Beach, Provlncetown/Mass••_•••••••••••_ __••••••• Feb. 11 5
Pilgrim Heights, Mass _._ _••••••••• • Feb; 26 20
East end of breakwater, ProvIncetown, Mass••••••••••_••• ".... F~b. 12 6
PIckett Wharf, Provincetown, Mass __•••• F~b. 14 8
C. L. Birch's store, ProvIncetown, Mass•••••_ __ __ ._••_. F~b. 11 5
Canfl!ctory whllrf,Prllvlncetown, Mass••••_•••.••••'••••_ •••c......do _... II
Be.ach at ProvlnoetQwn~¥ass•••_••••••••••_•••••~•••-.-.-...... Feb. 12 6
Beach at North Truro, *8118•••••_•••_••_•••_•••__••••_.__••__•• Feb. 11 5
East Hllrbor, Provincetown; MlISS••••_•••••••••__••__._. ._•••••do _... 5
Eastern cold.storlllllwharf. Provincetown, M8118- _••• __ .do .,.. II
Smiths Bathing Beach, Mass••__•••••.•••c _.... Feb. 12 11
Provlnoetown Harbor, Mass.•__•• _••_._ _......... Feb. 11 6
On beech, Provincetown Harbor, Mass _••••_... Feb. 14 8
Pro,v1ncetown Harbor, Masa •••c•••_c -,O ••••_. __••_ •••__••• Feb. 12 6
North Truro BeacJ!, Cl!pe Cod Ba:l" Mass•••_ _. •• Feb. 17 11
Bay shore, North TrurO, Cape Cod, Mass_••• _ _•••••_... Feb. 22 16
Beach Point, Provincetown Harbor, M8118....._••••••_.__••••••• Feb. 23 17
Provinoetown Harbor, Mass••••••••• •••••••••••_•••••.••••••• Feb. 18 12
29 miles from Easteru Point, 8tellwH8n Bank••••••••••••, •••••• Feb. 16 ' 10
Surfside, south shore, Nantucket.••_ _•••••••••••• lune 30 144
Freeport, Digby County, Nova Scotla_•••••••••__ ••_.__••_•••••• luly 2 146
28 miles easwoutheast from Thatchers Island••••••_••••_••••••••__.,••••••"._,.

S~tout ,
...

No.
Hour LatItude Longitude

0 0

15 12.45 p. m ••• 42 12 00 70 23 30
22 2.00 p.m•••• 42 03 18 70 14 42
25

.~:~~3~ ~::::
42 00 45 70 11 00

26 42 00 45 70 11 00
27 •••••do c_•••• 42 00 45 70 11 00
28 4.10 p. m•••• 41 58 12 70 10 48
29 •••••do •••••• 41 58 12 70 10 48
30 ••••_do •••••• 41 58 12 70 10 48
32 4.40 p. m..._. 41 05 30 70 09 30
33 •••••do •••••• 41 65 30 70 09 30
84 5.35 p. m•••• 41 52 13 70 10 30
85 •••••do ...... 41 52 18 70 10 .30
86 ...._do •••••_ 41 52 18 70 10 80
87 6.00 p.m.... 41 49 30 70 11 15

,38 .....do ...... 41 49 30 70 U 15
89 ••••cdo ...... 41 49 30 79 11 15
40 6.52 p. m___• 41 52 27 70 15 24
42 •••••do __•••_ 41 52 27 70 Iii. 24
43

.::~~3~ ~::::
41 00 00 70 18 30

44 41 56 00 70 18 30
74 10.45 a. m._. 42 07 18 70 36 86
78 11.00 a;m... 42 09 30 70 38 15
85 12.00 p. m .. _ 42 16 06 70 42 30
89 1.10 p.m.... 42 18 15 70 44 00

Where found· '.'Date, " Inter.'
1925 val

SERrES J:BottlasNos.91 to,10l, set out in IpswiehBay and off Cape Anriby
the Fish Hawk, April 7, 1925.

Setout Fish
No. Hawk Where found Date, Inter.

st.... 1925 val
Hour Latitude Longitude tlon

r---
0 ,

" 0 ,
" DBI/'

95 8.20 a m•••__ 42 49 30 70 40 00 23 ~ mile west of RI!ce Point, Cape Cod ._••••••_••_._•••___ Apr. 21 14
96 ._••do ._._••• 42 49 30 70 40 00 23 ~ mile southeast of Race Point, Cape Cod •__••_••••••••_ Apr. 24 17
97 4.30 a. m •••• 42 46 00 70 40 00 21 2 miles oft Cutler, Me.._••-•••••••_•••_•••___-.-.---____• lu!y 21 106
99 6.10 a.m •••_ 42 88 00 70 33 00 29 2 miles north of Brant Rock, Masa., Coast Guard statlon._ Apr. 29 22

SERIES K: Bottles Nos. 102 to 141, set out in pairs by the Fish Hawk in
Massachusetts Bay, May 20 to 22, 1925, cruise No. 13 (p. 1004).

Set out Fish
No. Hawk Where found Date, Inter.

sta· 1925 val
Hour Latltllde. Longitude tlon

--.. ,
" 0 ,

" Da".
103 6.41 a. m •••• 42 18 15 70 44 00 17 '·Dennlsport, Mass••_•••••__•••••••••••_•••••••••••_•••••• June 6 17
106 9.10 a. m•••• 42 16 54 70 30 30 18A 3 miles northwest of Race Point Llght~ Cod••___•__ May 26 6
108 11.15 a.m.._ 42 05 00 70 35 00 14 1~ miles north of Pamet River Coast G station, Cape May 30 10

Cod.
109 ._._.do _••••_ 42 05 00 70 35 00 14 Coast Guard station, Provlnoetown, M8118_.__ ._••_..•_•• May 25 5
112

.~:~Bo ~::::
41 56 00 70 18 30 6A Race Point, Mass., Coast Guard statlon••••••••_. __._•••_ lune 1 12

113 41 56 00 70 18 30 6A South Beach
i

Edgartown
b
Mass.__••__•••••____•__•••_... lu!y 24 66

114
_~:~~3o ~::::

41 49 30 70 11 15 7 6 miles east 0 Gurnet Lig t, Plymouth, Mass•••••____••• May 29 II
115 41 49 30 70 11 15 7 South Truro, Mass.............._.................. ___••• May 26 6
117 5.55 p. m.... 41 55 30 70 11 15 6 5 miles west of RaCe PoiDaCape Cod____ •••___._._•••••• May 31 11
118 5.00 a. m._._ 42 05 30 70 17 00 4 Nauset Beach, near Coast uard station, Eastham, Mass_ July 12 62
120 7.00 a. m •••• 42 09 30 70 19 30 3 75 miles southeast by south from Cape Cod Llght••_••••_ JUDe .l2 22
126 12.05 p. m•• _ 42 23 30 70 15 30 32 1~ miles West of Race PoInt. COllS.t Guard s.tatlon, Cape May 27 6

Cod.
127 ___••do __•••• 42 '23 ~o 70 15 30 32 2 miles oft Peaked um bar, Cape Cod._••_._.__••_____••• ...do ._•• 6
136 7.10a. m•••• ·42 30 15, 7P .~ 15 36 Marblehead Neck, MI!S8."____~_._ •...;••-.-.............-. July 15 64
137 ••_••do ...... 42 30 15 70 43 15 86 Pea Island, N8hant, Mass_•••••••___ ~ ..__•••____•••••••_. June 1 10
139 8.25 a. m .••_ 42 28 00 70 48 00 37 ~y'i':~leJ::~h~fJ:s~~~.~!~d, :::~~~~~~~~:.~~:::::::: May 81 9
140 9.20 a. m.__• 42 24 15 70 52 15 38 May 27 5
141 _••••do •••••• 42 24 15 70 52 15 38 Long Island, Boston Harbor, Mass__ .........._.....__••• May 28 6
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SERIES L: Bottles Nos. 1901 to 1941, set out by H. C. Stetson on a line run
ning75° for 10 miles from Dry Sll,lvages Beacon, off Cape Ann, 1 bottle every ontt
fourth mile, April 19, 1926. First bottle put out at 7 a. m.; last bottle at 9.11 a. m.

Distance
out from

No. starting
point

1904
1007
lUll
1913
1915
1916
1UI7
1918
lUlU
1922
1923
1927
1931
1941

Wh~lounQ.

MlltB
1 1 mile e&8t of Madakket Coll8t Guard stetiOD, NlIIItuek.H8Jand- . _
1~ Monomoy Point, M88S." · •. • ~ ~.~ ._ . • .~---------. _. __
3' South shore of MarthasVlneyard

l
!>8tween Gay Head and Edprtown • •

3~ 2 miles south of Chatham Light. M88S: "__~---- .•---.----.:--------------~------.---- _
~ 1 mile north of Pamet River Coast Guard statloq, Cape ROd-.-.------------------.---..-----4 . I mile north of Old Harbor Coast Guard stetlon, Chatham,M88S • •__
4~ Beach near Hummook Pond, Nantucket _._~••• : .~---.------------------

4~ South shore, Nantucket, near radlG steiiOJ;l :"_.__• ._~.----.------"--------------------.-
4~ .1~ miles west of Race Point Coast Guard station, Cape COd • . ; _
5~ Lepreau Harbor, Charlotte county,New Bninswlck_.__ . ....._ • •__..--.----- •__
5~ Harts Island, Port Clyde, M.e.... • ~---"-- .• . •• • ._. _
6~ 12 miles below Digby Gut, Ncva Scotia, I mila oft'shore __ ..._. .• _
U~ III miles west of Brier Island, Dlg!>y:CountYl

Neva Scotia •__• • •• _
10 ~ mile from Weymouth Light, Dllby· 00uD 1', Nova Scotia ._. ._

.

Date. In"
1ll2G VII

--
D4ff

J·une 30 10
June 7 ·U
July 4 74
May 30 1IO
June 26 8&
May 27 38
June 2 4f
Sept. 8 112
May 21 82
July 24 114
July 15 86
.Aug. 16 119
July 3 73
July 7 77

SERIES M: Bottles Nos. 1942 to 1970, set every one-half mile on a line from
light buoy off Manomet Point, Mass"to Wood End, Provincetown, by Henry C.
Stetson, April 21,1926, First bottle put out at 11 a. m.; last bottle at 3.30 p. m.

Distance
set out

No. from
Mano.

met

Where found Date, Inter.
lU26 val

--------~----------------------I---

1945
1946
194U
lU53
1956
1960
1961
1963
1964
1965
1967
1968

MileB
1~ Wood End Coast Guard stetlon, Provlncetown • ••• •• • May 22
2 Provincetown Bay, Provlncetown,MIlS8__._. ._. ._••__ •__•••••• May 3
3~ Wood End station, Provincetown, Mass. __ r · __ ~ .- - -. •• • ---.-.----------.\Pf. 28
5~ Provincetown Bay, Mass ------7--------,---------.------- .. ..~____ June 12
7 3 miles north of Wood End statIOn, ProvlDcetown, Mass • •• ••• •• Apr. 28
U ~ mile south of Race Point Light, Cape Cod • ._ . • -- June U
U~ Race Point Light, Provincetown, Mass c • • •__ • • ~__ •__" •• •• • __ Apr. 23
10~ Rsoe Point Light stetlon:..Provincetown! ¥ass ._••• • -__•• May 10
11 Near Race PQint Light, rrovlncetown, MasS. ------_-_._.__•__, •__• •__•••••• ._. May 2
11~ 2 miles north of Wood End Light, Provincetown, Mass ••__•. __do • _
12~1 I mile south of Rsoe Point, PrOVincetown. Mass ._. • • May 12
13 Wood End Run, Provincetown, Mass ._....__•• •• ..• May 15

D411'
31
12
7

52
7

4U
2

lU
11
11
21
2.

SERIES N: Bottles Nos. 1971 to 1980, set out by Henry C. Stetson every one
half mile on a line running 2440 for 5 miles from a point 1 mile west of the mouth of
Pamet River, Truro, Mass., April 21, 1926. Outer. bottle set out at 3.55 p. m.; inner
most bottle at 4 p. m.

DistanceI
No. set out

offshore
Where found Date, Inter-

1926 val

1U7.
IU75
1978
1980

MUeB
4 ~ mUe SOllthofWoodErid 'Coast Guard Statioll

1
Provincetow!1J MasS_. •• . •. Apr. 24

a~ 1 mile olf Church Point Llg!:lt, St. Marys J3ay. DIgby County, l'lova Scotla • July U2 ,Olf Wood End Light, PrOvmcetowll Mass. • •__•• .__ Apr. 29
.1 Seeleys Cove, 5 miles west of.BeaverHarbor Light, Charlotte County, New Brunswlck .__ July 22

DallB
3

711
8

92
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Sl!JRIES 0: Bottles Nos. 1952 and 1981 to 2000,' set out on July 18, < 1926, by
T. E. Graves, on a line running 107° from CapeNeddick,Me.,for9fuiles, 1 bottle
every one-half mile. First bottle (No. 1952) put out at 8.17 a. m.; last bottle (No~

2000) at 10.44 a. m.

Distance
set out

No. from
Cape

Neddick

Where found Date, Inter.
1926 val

1982
1986
1987

Mile, DIJV'
l~ Kenwood Bridge, Salem, Mass • • • ----.-.---••-----.----_••-- Aug. 4 17
3 10 miles southeast by south trom Thatchers Island, Mass ••_. •••_••• • Aug. 3 III
4 ._ do •__ • •••• • ._••••_.__ -- •__• ••• •• • .do.___ _ III

GENERAL DISCUSSION OF THE RECOVERIES

With the Bay of Fundy experiments as a guide, it ,was natural to expect a con
siderable number of the bottles released in the Gulf of Maine on the several lines off
Mount Desert, Cape Elizabeth, and Cape Ann, in 1922 and 1923, to be picked up in
the Massachusetts Bay region. This, however, did not prove to be the case. Not
a single bottle from. any of these series has been found anywhere between Cape Ann
and the southern elbow of Cape Cod,and only five of them south of Kennebunkport.
It is therefore evident that the dominant surface drift was not the same in the sum
mers of 1922 and 1923 as it was in 1919, but drifts of the 1919 type were recorded
for series Land 0, as described below.

The most striking aspect of the experiments carried out in all these summers is
that more than 30 per cent of all the recoveries of bottles put out north of the south
ern angle of Cape Cod have been from the Bay of Fundy and Nova Scotia, which
(if these were the only data available on the circulation of water in the gulf) would
obviously suggest a drift from south and west to north and east. However, as we
have just seen, the bottle drifts of 1919 and of 1926, on the contrary, point to an
anticlockwise current skirting the shores of the gulf from northeast to southwest,
and salinities (p. 910), temperatures (p. 918), and the distribution of the plankton
(p. 923) all point in the same direction. It therefore becomes necessary to reduce
these apparently contradictory lines of evidence to a rational order, which may best
be done by analyzing the results for the years 1922 to 1926 regionally, not chrono
logically, to test whether they prove consistent, one with the other. The dominant
sets of the surface water are shown rather clearly for the southwestern part of the gulf
by the lines off Cape Ann, in Massachusetts Bay, off Cape Cod, and in Vineyard and
Nantucket Sounds. These, therefore, may be considered firat, lea.ving until later the
study of the more puzzling drifts of the bottles set out in the northern side of the
gulf.

SOUTHWESTERN SERIES

The~ bottles were set out off Cape Ann, in Massachusetts Bay, off Cape God,
and to the southward of the latter.

The Cape Cod line of July, 1922 (line B), proved, in some ways,the most instruc
tive of all, for out of these 600 bottles,131,or 22 per cent, were picked up within
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4 months. TheJinemaybe divided into three sections, according 'to the localities
of recovery: First, an inner section, from Cape Cod f,l.Ctossthe tnouth of Nantucket
Sound and skirting the easterly edge of Nantucket Shoals; second,a middle section,
from the shoals out nearly to the edge of the continent; and third, the outer end of
the line to the seaward of the continental edge.

Ten bottles out of the 250 set out along the inner section were picked up to the
eastward, three of them on the Nova Scotian shore of the Bay of Fundy, one on the
northeastern part of Georges Bank, and five (after short drifts) in the south channel
and along the northwestern side of Georges Bank (fig. 174).66 This last group of
recoveries is especially instructive as evidence that the,surface water to the south
and southeast of Cape Cod was setting in a southeasterly direction at the time.
Bottle No. 362, picked up 40 miles to the southeast of the place of its release, after
5 days' drift, and Nos. 396 and 405, found 30 miles away after 8 days, can hardly
have diverged from a direct line except to follow the spiral tracks induced by the
veering tidal currents of this region, unless the dominant set was more rapid, a.t the
time than other experiences in the gulf would suggest. 67 A southeasterly set is also
indicated in this generalregion by the current measurements carried out by the United
States Coast and Geodetic Survey (p. 864).

The uniformity of these southeasterly drifts makes it likely that the ,bottles that
went from the inner' end of line B to the eastern end of Georges Bank and to Nova
Scotia also drifted in a southeasterly direction at first, veering to the eastward-i. e.,
anticlockwise.

It seems that this inner section of line B followed the boundary of demarkation
between this southeasterly set and another drift directed more to the southward from
the mouth of Nantucket Sound, veering westward past Nantucket Shoals, because
20 bottles from this section were picked up along the southern coast of New England.
The fact that current measurements show a general southeasterly set over Nantucket
Shoals and a summer set to the west and northwest at the lightship a few miles farther
south, makes it more likely that these bottles rounded the shoals than that they
crossed the latter.

It is a question of considerable interest whether 11 bottles, spaced across the
eastern entrance to Nantucket Sound, which were picked up along the south shores
of Nantucket, Marthas Vineyard, and of New England between Buzzards Bay and
and Block Island, drifted directly westward through Nantucket and Vineyard Sounds
or whether they also traveled southward around Nantucket Island and Shoals. Of
course, a positive answer can not be given; but it seems hardly conceivable that some
of them would not have been picked up afloat in the sounds or stranded along shore
there if they had gone through, because these beaches are thronged with vacationists.
Actually, however, not one of the bottles from line B was found along the northern
coast of the sounds, and only one of them on the northern shore of Nantucket, 159
days after it was set afloat. One, however,after 30 days afloat, was found 1 mile
inside Gay Head at the western end of Marthas Vineyard, where many species of
tropical fishes have bMn recorded in summer. Thus, it seems almost certain that

II One bottle from this section went to France.
•, Bottle No. SlO was reported on the northwest slope of Georges Bank, 50 miles from where It was set out. within 3 days.

This ostensible drift Is so rapid, however, that Saine error In the reported locality seems probable.
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this.group of bottles. went out around Nantucket. es Bottle No. 536 Jou.meyed;to
the south shore of Marthas Vineyard (85 miles) at a rate of at least 4 miles per day.

11' 7<1' 68" 67' e6'

FIG. 174.-Assumed drifts of representative bottles recovered from line B, set out olf Cape Cod, July 6 to 8,1922. .,place
of release.

The mid-section of line B (lat. 40° 50' to lat. 41 0 30') was clearly involved in this
same set, veering clockwise around Nantucket Shoals, because 50 of these bottles out
ofa total of 103 were picked up along the shores of southem New England, from

II The assumed routes for this group of bottles are laid down on the chart without reference to Nantucll:et8hoals. ActUally.
however, the complex tidal currents amoni these banks and throuih the channels between them must Jive a very circuitous
route to any flotsam In that reJIon.
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:Nantucket westward, and along the eastern half of LongIsland, New .york, the great
majority on the south shore of Marthas Vineyard, at the mouth of Buzzards Bay,
and near Block Island.

This percentage (}f recoveries is larger than for any considerable section of any
one of the other lines along which drift bottles have been put out in the Gulf. of
Maine, so large, in fact, that representatives only can be shown on the chart (fig.
174). With the recoveries condensed in so short a section of the coast line, it is
obvious that these bottles came within the grip of a very definite current setting
northward and inshore, probably around the shoals.

The alteration along line B, from westerly drifts at the inshore end to easterly
and westerly both from the next section of 40 miles, and then to westerly again from
the mid-section, is clear evidence that the line followed the boundary between the
Gulf of Maine eddy and the clockwise drift around· the shoals to the west just
stated, locating the southern boundary of the former at about latitude 40° 50'.

This westerly drift certainly involved the water right out to the edge of the
continent, because 22 bottles from the outer section of line B (including the outermost
of all, set adrift 40 miles out from the 200-meter contour) were picked up between
Nantucket Island and Fire Island Beach on Long Island, N. Y. Seventeen of these
outer bottles (10 from just inside and 7 from just outside the continental edge) were
found on the North Carolina beach, a few miles north of Cape Ratteras,69 after time
intervals averaging 85 days (73 to 112 days). The mean distance traveled by this last
group of bottles (if they followed a straight line) is about 410 miles-slightly longer by
their probable route-giving a minimum rate of nearly 5 miles per day. It is probable,
also, that the time intervals between the dates of setting out and recovery correspond
very closely to the periods when actually afloat, because the sector of beach on which
they stranded is continuously and closely patrolled by the Coast Guard stations.

Some further light is thrown on the tracks that the bottles of this last group
followed on their journey, by recoveries set adrift a few days later along a line (0)
running southeasterly from New York, 111 of which were picked up between Dela
ware Bay and Cape Hatteras. Most of those that reached the North Carolina
coast from the outer part of this line were spaced from a point about 45 miles from
the New Jersey coast out to a point some 40 miles beyond the edge of the conti
nent, as marked by the 100-fathom contour. It is therefore fair toasstime that
the bottles from the Cape Cod line that drifted farthest south likewise passed
Delaware Bay within a few miles (one way or the other) of the continental edge,
where they would have intersected the New York line.

The fact that so many of the other bottles from the same outer section of the
Cape Cod line drifted inshore, to strand along southern :NewEngland, makes it likely
that this whole group of bottles set northwestward, in over the outer part of the
continental edge at first, and then separated,.aome veering to the westward and
southwestward along the outer part of· the shelf, others turning northward toward
the coast. There must also have been a rather direct drift of surface water in that
direction from the offing of Nantucket Shoals, and so in toward the land, at the
time, for if the bottles· that traveled. tha.t route had gone far west before turning

.. Scattered from False Cape to a point 9 miles north otHatteraa Light.
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north the New York line would have been involved in this aamedrift and so have
stranded along the coast of Long Island to the east of Fire Island lighthouse, where
only three of them actually were found.

The combined evidence of these Cape Cod and New York lines thus points to a
dominant movement of the· surface water along the edge of the continent, westward
and southward from the offing of Nantucket to Cape Hatteras, but complicated by
a clockwise eddy movement in toward the lltIld west of NltIltucket Shoals, just where
flotsam from the so-called /I Gulf Stream" (gulf weed and various tropical animals)
mbst often drifts in to the coast. No such tendency for the surface water to set
inshore from the outer part of the continental shelf is reflected in the drifts to the
west of this, however, not a single bottle from the Cape Cod line having been found
between New York and Chesapeake Bay, though bottles from the New York line
were picked up all along this 250-mile sector.

No further discussion of the bottles set out off New York is called for here, as
they do not immediately touch the Gulf of Maine, except to emphasize that neither
they nor the Cape Cod line afford any evidence whatever of surface water entering
the gulf around Nantucket from the southwest. It has long been .known that the
southern angle of Cape Cod marks a rather abrupt faunal division between the
waters of Nantucket and Vineyard Sounds, on the one hand, and the more boreal
Gulf of Maine, on the other. It is obvious that a division of this sort, with no
change of latitude, is associated with the nontidal circulation of the water.

It was to check the evidence of the drifts from .line B and measurements with cur
rent meters (p. 864) pointing to a set of water outward from the eastern end of Nan
tucket Sound, and so toward the southeast, that lines H (p. 875) were set out along
three sections of the sounds during August, 1924.

Thirty-seven of these 85 bottles have been recovered within the sounds, along
the outer shores of Nantucket, and still farther west, but not one of them within
the limits of the Gulf of Maine.

The drifts from the western end of Marthas Vineyard (Pasque Island to Menemsha
Bight) may be passed over briefly. Eleven of these were picked up-1 on Cutty
hunk Island, 2 in Vineyard Sound, 1 on Tuckernuck Island, 1 within Buzzards
Bay, 2 at the mouth of the latter, 1 in Narragansett Bay, and 3 on the Rhode Island
shore (fig. 175). It is not easy to reconstruct the probable paths of all of these.

The series was set adrift on the first of the ebb, which sets westward here through
Vineyard Sound and northward from the latter through the /I holes" between the
Elizabeth Islands into Buzzards Bay. It is probable that the bottles found in
Buzzards Bay and on Cuttyhunk went north through QUick's Hole, becausa they
were put out close to .Pasque Island at about high water and would soon have been
carried in that direction by the ebb. If· this line had been put out on the flood
instead of at the beginning of the ebb it would probably have been carried far
enough up the sound before the tide changed to come within the easterly set that
appears to dominate Nantucket Sound. Actually, however, most of these bottles
must hllve drifted westward for the first 5 or .6 hours, carrying them about to the
mouth of Vineyard Sound, where a division evidently tookplace.Two bottles from
the northern end seem to have been carried ba.ck into. the sound by the next flood,
one of them to be picked up two days later on the Mart.has Vineyard shore, 6 miles
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to the east of where it was put out, the other on Tuckernuok Island, between
Nantucket·and Marthas Vineyard,. after 46 days.

The others, from the southern end of this line, seem to have been carried' far
enough out of the sound on the first ebb to escape the next flood back again. The
two that were picked up at the mouth of Buzzards Bay must have drifted on a
comparatively direct route, for one was picked up after five and the other after six
days. Evidently they came within the sweep of the Buzzards Bay tides. The
bottles that went to New York and New Jersey must have escaped this. The one
that was picked up at the entrance to Narragansett Bay only five days after it was
put out evidently followed a route directly westward, making it a fair assumption
that the three others set afloat close by, which went to New Jersey, also tranled
via the same route, paralleling the coast.

FIG. 175.-Assumed drifts of representative bottles recovered from line!! H,set out In August. 1924. •• place of release

It would be an instructive experiment to put bottles out on this same line early
on the flood tide, so that they would journey eastward, up the sound at first, not
out of it, so to determine what net movement results from tides whose velocity (1.7
to 2.5 knots at strength) is so great that "a certain part of the water, at least, travels
a distance of one-half or more of the length of Vineyard Sound during a single phase
ofthe tide/' (Sumner, Osburn, and Cole, 1913, p. 36.) The earlier current tables
publiebedby the United States Coast and Geodetic Survey (Coast Pilot, 1912,
Appendix I)· 'indicate a net westerlydrlft of the water along the' axis of Vineyard
Sound at a rate of about.2 miles per 24 hours, th~ aaAterly movement averaging;
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about 3~ miles during the flood, the westerly ebb about 4~ miles. Morerecent
information, however, does not substantiate this, ebb and flood being given as
approximately equal along the axis of the Sounds' in the current tables for 1924
(United States· Coast and Geodetic Survey, 1923); and ,the fact that considerable
quantities of gulf weed so often drift into Vineyard Sound and through into Nantucket
Sound in the summer season points rather toa net movement inward into the former
from the westward.

The returns from the line next to the east (Succonnesset Point to Cape Pogue;
fig. 175) are consistent with a dominant set 'from west to east along the southern
side of Nantucket Sound, because all but one of. the recoveries were to the eastward
of where the bottles were set out--9 of them from points along its northern shores as
far as Chatham; 1 close to Rose and Crown Buoy outside the sound, about 11 miles
east of Nantucket Island; 1 from the southeast shore of Nantucket; and 1 from the
coast of Rhode Island. Bottles from all p~rtsof.the line stranded along the north
shore, and the drifts that went out of the sound were from both ends of the line (the
bottle picked up near Rose and Crown Shoal was thrown out closest to Succon
nesset). This suggests that all traveled eastward at first, as would naturally happen,
as they were put out one to two hours after low water; but this first flood, running
at an average rate of about 1 knot, can only have carried these bottles 4 or 5 miles
east.

It is possible, of course, that the bottles that went flOm this line to the eastern
side of Nantucket and to Rose and Crown Shoal passed out of the sound via the
Tuckernuck Channel; but the more direct route eastward is the more probable when
these drifts are studied in connection with the line put out across the eastern end of
the sound.

Fourteen bottles from this line were recovered, 6 of which (set out abreast. the
channel between Nantucket and Monomoy) made long journeys to Long Island,
New York, and New Jersey, while 8 bottles set out behind Monomoy Island were
picked up along the coast near by, between Harwichport and Monomoy. This divi..
sion, and the fact that the only bottles from this line that were recovered within
the sound were those just mentioned, makes it fairly certain that the bottles that
made the long journeys did not go westward through the sound, but drifted east
ward out of the latter at first and then veered clockwise to the southward and so
around Nantucket by the same general route followed by bottles set out off the
mouth of the sound in 1922 (line B, p. 880), and so continued westward,paralleling
the coast, to the points where they were fina.lly picked up.

This division between the drifts followed by the bottles from the southern and
northern parts of theline clearly reflect a tidal difference. All were put out twoto three
hours before high water; but while the first group was carried eastward by the flood
and out of the sound, the second group was caught up in the current flooding north
'ward into Chatham Roads. The fact that so many then stranded there, instead. of
corning out again with the ebb, and that so many bottles from the line next to the
west were found along the northern shore of the sound, shows that the bight inclosed
between Monomoy Point (with its submarine extension in Handkerchief Shoal) and
the south shore. of Cape Cod is the site of a subsidiary· anticlockwise eddy, as might
be expected f}lom thetrend of the coast and from the contour of the bottom.
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The combined evidence ,afforded by, ;the drifts from the two lines last discussed
points· unmistakably to .an easterly set as dominating the 8Outhern,side ofNantuckel
Sound, with It net movement of the surface water out through the channel between
Great Point and Monomoy. The time intervals for the bottles picked up at R"Os.
and Crown Shoal and on the east shore of Nantucket (21 days in each case) show a
daily rate of at least 172 to 2 miles in this direction at the time.

With none of the bottles from Nantucket Sound reported within the Gulf of
Maine, but abundant evidence of·drifts veering to the south and west around Nan
tucket Island and Shoals, it is establi~hed with reasonable certainty that the out..
flow from Nantucket Sound usually shares in the clockwise eddy movement away
from the gulf, which involved the water to the southeast of Cape Cod in 1922 (p. 880)
and which is indicated by the measurements made of the currents along the eastern
side of Nantucket Shoals (p. 864).

The fact that three bottles set out ~ Nantucket Sound in 1924 were picked up in
New Jersey, whereas none of the bottles set out abreast the mouth of the sound in
1923 were reported so far west, suggests that those that passed eastward out of the
sound in 1924 then drifted far enough southward to become involved in the drift
followed by the bottles put out on the middle section of the Cape Cod line in the
year before. An interesting annual difference thus appears in this respect.

If this general type of circulation prevails as constantly from year to year and
throughout the summer season, as the bottle drifts suggest, it goes far to explain
the fact that tropical fishes, planktonic animals, and floating plants (notably gulf
weed), which are so commonly swept from the H Gulf Stream"into Vineyard
Sound, .only exceptionally enter the gulf around Cape Cod. Passing out of
Nantucket Sound to the eastward by the same route followed by the drift bottles,
their course would then veer to the southward and so away from the gulf, not into
the latter.

An· earlier paragraph, the reader will recall, points out that several bottles from
the inner (northern) end of line 8, set out of Cape Cod in July, 1922, were carried,.
eastward into the Gulf of Maine, though the majority were .swept away ,from the
gulf, locating the division between these two .circulating movements (p. 882);

Series G was set out normal to the coast, about midway of Cape Cod, in
August, 1923 (p. 875), in the hope of throwing more light on the southern side of the
eddying circulation that dominates the surface waters of the Gulf of Maine. Only
'5. out of the 100 have been recovered, thiS being the Y()west percentage of recoveries
for any of the lines. Two of them, put out, respectively, 4 and 6 miles from the
1andr were picked up atNauset near by,one within 2 days after it was set adrift.
One bottle, set afloat about 20 miles out at s.ea, was found 2 months later (October
14) floating on the eastern edge of Georges Bank(fig. 176); one launched 5 miles
farther out w8.sreported 5 months later from Tiverton, Digby County; on the Nova
Scotian shore of the Bay of Fundy, near its mouth; and a fifth, also from the outer
end of the line, picked up in Ireland in September a year later, completes the brief
list (p. 875).

Evidently the 'outer bottles on this line (but not the inner) took part in a drift
of the same'sort as carried $everal bottles, set· out southeast of Cape Cod. in 1922,
across .to the eastern part of Georges Bank, to the Bay of Fundy,s.ndto France
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(fig.174), so:that a set in this direotion is to be expected inth~ 'Sbuthern side of
the gulf in sumIher. . .

The measurements taken of .the currents in the region of Georges Bank
(p.865; fig. 173) suggest that this group of bottles held to the northward of the shoa.l
part of Georges Bank (Georges and the Cultivator Shoals) in their journey, and
that a separation of the tracks evidently occurred to the eastward of the latter, some
of the bottles then veering southward across the eastern side of Georges Bank, where
one was recovered from each year's series (1922 and 1923) 96 and 59 days, respectively,
after release.

The two bottles (one from eachyear's series) that went from close to Cape Cod
to Europe (one to France, the other to Ireland, after a year's journey) probably
followed much this same route, continuing on out to sea until they came within the
influence of the general North Atlantic drift. Bottle No. 543, which was set out in
the South Channel on July 7, 1922, and picked up just south of Georges Shoal 35
days later, was probably caught up in the tidal circulation over that shoal ground.

These Georges Bank drifts are good evidence that the bottles that went to the
Bay of Fundy from the two Cape Cod lines (B and G; figs. 174 and 176) likewise
skirted the northern side of the banks, continuing eastward until they. became
involved in the current setting northward into the eastern side of the gulf, which
has been developed by Mavor (1922) from Dawson's measurements of currents
(p. 861; fig. 173). The Bay of Fundy would then be their most likely destination;
and the fact that they stranded on its Nova Scotian shore, just as did several of the
bottles that Mavor set out at the mouth of the bay in 1919 (p. 868; Mavor, 1922),
makes it likely that they, too, drifted in close along its southern side.

The three bottles that drifted from the offing of Cape Cod (line B) to the Bay
of Fundy in 1922 were picked up after intervals, respectively, of 82, 102, and 105
days-an average of 97 days. Their probable route (figs. 174 and 176) being about
300 miles, a daily journey of slightly more than 3 miles is indicated. An interval of
59 days for bottle No. 1881, set out off Cape Cod on August 7,1923, and picked up
on the eastern edge of Georges Bank, points to about this samerate as probable;
but bottle No. 435, from tp.e Cape Cod series of the year previous, was not pic~ed

up on the eastern part of Georges Bank until 96 days after it was set out, though
its journey along the general route it may be assumed to have followed was no

. longer. Another bottle from the same section of this same Cape Cod line was found
on the western slope of Georges Bank, only about 50 miles distant from where it
was set adrift, after it had been afloat for 88 days. It would be interesting to know
whether it had circled to and fro over the banks during that, long period. The only
bottle from the Cape Cod line of 1923 (line G) that was reported from the Bayof
Fundy was either longer afloat or lay longer on the shore before it was noticed, the
interval between its release and recovery being 149 days, or less than 2 miles per day.

RECOVERIES FROM ,TlIECAPE ANN AND MASSACHUSETTS BAY LINES

Only 70f the 100 bottles set out offCape Annin August, 1923 (line F; p. 875),ha e
ever been heardfroIh. Five of these were found scattered along:the Nova Scotian
coast of the gulf and of the Bay of .Fundy from Cockerwit Pa,ssage, in Pubnico Bay
(near Cape Sable), to Digby Gut, and two went to Europe (fig. 176) . Time
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intervals ol65 days (between release and reoovery)to Pubnico, 60 days to Yarmouth,
64 days to Port Maitland, and 85 days to Digby Gut suggest a somewhat more
d,irect route to Nova Scotia than was followed by the Cape Cod series of the- year
previous, because it is not likely that they traveled more than Sor 4 miles per day
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FIG. 176.-Assumed drifts of bottles recovered from lines F (solid curves) I\l1d G (dotted curves), set out oft Cape Ann and
Cape Cod, August 9 aiid 16, 1923. •• place of release .

until they approached Nova Scotia, ,where their daily rate may have increased to 5
to6 miles (p. 867; fig. 173). The probable tracks laid down on the chart (fig. 176)
are baeedon an assumed rate of about 3 miles per day, corresponding to the bottles
that drifted from the Cape Cod line (line a) to the Bay of Fundy in 1922 (p. 887).
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If these drifts from the offing of Cape Ann to Nova Scotia stood alone, it would
be impossible to tell whether their tracks diverged to the left of the direct line along
the coast or to the right across the southern side of the basin. Comparison, how
ever, with the bottles that went to the same general destination and eastward along
Georges Bank from the Cape Cod lines (figs. 174 and 176) makes the second alter
native much the more likely; and when we add the fact that not a single bottle
from any' of these three lines has ever been found along the coast between Cape
Cod and the Bay of Fundy, contrasting with the number of recoveries scattered
around the southern and eastern peripheries of the gulf from Georges Bank to the
Bay of Fundy, the anticlockwise movement from the offing of Massachusetts Bay
around the southern side of the basin and along its offshore rim, as indicated on the
charts, seems fully demonstrated for the summers of 1922 and 1923.

The small number of recoveries from the Cape Ann line shows that only those
that kept farthest north on this eastward journey came within the influence of the
veering drift toward Nova Scotia. This is still more certainly true of the bottles
set out off Cape Cod in 1923 (line G). To all intents and purposes these were
entirely south of this set, for only odd ones among them were caught up by it.
Such of the bottles as dispersed farther to the south. from both these lines no doubt
drifted to the Georges Bank region, and so, probably, out into the open Atlantic,
either circling around the eastern end of the bank or crossing it, probably by the
same tracks as were followed by the bottles that went to Europe. The fact that
all the recoveries from outside the Gulf of Maine, for the Cape Cod and Cape Ann
lines of 1923, were from the other side of the A.tlantic, contrasting with the large
number of bottles that went west from the line south of Cape Cod in 1922,is suffi
cient evidence that the eddy movement that carried the latter involved only the
western part of Georges Bank at the time. In short, bottles from these lines, which
drifted 'out of the Gulf of Maine in 1923, did so in a southeasterly direction across
the eastern end of Georges Bank, traveling to the northward and eastward of its
shoal ground.

Of course, it is possible that bottles found along western Nova Scotia after long
intervals-say 100 or more days-may have followed this same route at first but
then have been caught by an indraft through the Eastern Channel (p. 866). How
ever, we have no positive evidence of this, and the chance that any bottle would be
involved in the set toward Nova Scotia after it had once drifted south of· latitude
420 is evidently very slight.

It is interesting to find that the bottles that drifted from west to ,east across
the southern side of the gulf from the Cape Cod and Cape Ann lines tended to go
far up the Bay of Fundy in 1922, but stranded near its mouth and along the Nova
Scotian coast to the southward in 1923. Apparently the northerly set, which domi
nates the eastern side of the gulf, hugged that coast more closely in 'the one year
than in the other, perhaps reflecting the prevalent winds at the time; but a differ
ence of this sort is trivial, contrasted with the uniformity of these drifts and of those
to the eastern part of Georges Bank, just discussed.

In 1919,thereader will recall, bottles from the Bay of Fundy stranded in Cape
Cod Bay, marking ,a set into the latter; but in 1923 the Cape Ann line, by contrast,
showed a drift past the mouth of Massachusetts Bay, not into the latter, proving a
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periodic variation,·withthe domin.a,nt movement following around. the coast line of
the bay in somesummEirs and passing it as a sort of back water at other times. It
was in the hope of throwing further light on this secular alternation, espeeia.llyin,iu
bearing on the involuntary. migrations of fish eggs and larvle, that series Ia:p.d K
were set out in the bay in February and May, 1925, and series L,M,BJildN in Apri4
1926 (p. 877).

Twenty-three (26 per cent) of the February series of90 bottles have been reco,v~

ered. Recoveries from bottles set out off the Plymouth shore were distributed all

follows: One (No.74) from StellwagenBank, 28 miles off Gloucester; one fromanequa.l
distance out in the basin of the gulf (fig.. 177) ; two from Nantucket; one·from thaNova.
Scotian shore of the Bay of Fundy; 7Q and one, put out close to the tip of Cape Cod
(No. 22), went to Fire Island, New York.

These drifts, combined, show a definite surfa.ce set 9ut of the southern :side of
the bay, dividing off Cape Cod, where some bottles took the southern route doWn
past Nantucket, and so westward (which so many bottles. from the Cape Cod line
(line B) followed in July, 1922), while one, at least, was caught up in the southern
side of the Gulf of Maine eddy, reproducing the drifts ofbottles from the Cape Ann
line of 1923 (p. 887).

The bottles set out in the eastern side of Cape Cod BayfoUowed a surprisingly
definite set eastward.andtoward·Provincetown, no less than 16 out of 21 stranding
in that.harbor or near by (all of them to the east and most of them well to the north
of where they. were set adrift) after intervals of 5 to 17 days (usually 5 or6). Drifts
of this sort suggest ananticlockwise movement of the surface water around Cape
Cod Bay, with a subsidiary eddy of the same sort in Provincetown Harbor, which
finally caught them up as they setnotthward along the inner shore of the cape;

Ten bottles set out in Ipswich Bay on April 7 (series J)give definite evidence
of a southerly set around Cape.Annand into Massachusetts Bay, one of them ha"ing
been found at Brant Rock, a few miles north of Plymouth, and two near Race Point,
at the tip of Cape Cod, after intervals of 14 to 22 days. A fourth,picked up at
Cutler, Me., at the western entrance to the Grand Manan Channel after 106 days,
apparently had followed·the southern side of the Gulf of Maine eddy, veering south
east, east, and northeast, and so paralleling the drift of bottles set out off Cape Ann
in 1923 (line F; p. 887) and at about the same daily rate. A rather definite anti..
clockwise drift around the Massachusetts Bay region is thus indicated for winter
and early spring by the combined drifts of the February and April series, its southern
edge involving Cape Cod Bay but with the water farther north setting more to the
eastward and so out past Cape Cod.

This same type of circulation is still more clearly reflected by the drifts of 4;0
bottles putout in Massachusetts Bay on the 20th to the 22d of that May (series K),
drifts so easily interpreted as to demand rather detailed study. Eighteen of these
were recovered-the largest percentage (45) for anyseriea yet set out in the Gulf of
Maine.

Following around the bay from north to south We find one or two bottles set
out off Manchester71 drifting to Marblehead and Nahant, while.one bottle set

10 Freeport, Digby County. II About 3 miles '\Vest ofGloucester.
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FIG.ITl.-As8uI!led drlttsof bottles recovered,trom Ber1esI,ll8& .o1rt11l,NlIIIlIaem-ttlB,lly;"Filb!!llar16,aa4·1,uclla
Ipswich Bay, AprJ1,7r,l92&,(ser~J).;.•, p1llce of rel_
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Fia, 178.-AlI81IJIIed drIft11 or representative bottles reeoveredfrom 88I'IeI K.lI8t out In Massacl.lUll8tta Bay, May ~ to 22.
1926. eo place ofreI_, •
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out near Nahant drifted west into Boston Harbor,72 reflecting a definite set
inward along the northern shore of the bay. On the other hand, bottles that were
set out in the central part of. the bay and at its mouth showed a tendency to drift
southeastward,eithertoleavethe bay or to be caught up at the tip of Cape .Cod. Thus,
one launched near Boston lightship reached Dennisport, on the south shore of Cape
Cod (fig. 178); one set afloat on the southern side of Stellwagen Bank was picked
up 75 miles east of Cape Cod Light 22 days later; whUe a third drifted from the
offing of Race Point, at the tip of the cape, to Nauset Beach, some 16 or 17 miles
down its outer shore. One of a pair set out in the western side of the bay a few
miles north of Plymouth also rounded Cape Cod, but the other, also drifting east
ward, stranded at Wood End, near Provincetown, while one from the center of the
bay and two from its mouth, midway between the capes, were picked up on the beach
at the tip of Cape Cod or floating near by.

. The anticlockwise set, so clearly indicated by the drifts so far discussed from
this series, was also shared by bottles set out in the eastern side of Cape Cod Bay;
for all recoveries from this ,group were to the northward of where the bottles were
set out. Two of them went out around the cape, one stranding at its tip but the
other continuing southward past Cape Cod to Nantucket. One bottle set out off
Wellfleet and another off Billingsgate Island would probably have followed a sim
ilar route if theyhad not been intercepted; for they went northwestward and were
picked up midway between Plymouth and Provincetown after 9 and 11 days afloat.
The companion bottle from the Billingsgate station (Fish Hawk station 7), however,
was evidently caught in a different tidal current, for it went northeast to the Truro
shore (fig. 178).

These Massachusetts Bay studies were continued by series L to N, set out in April,
1926, by Henry C. Stetson (p. 878). Twelve of the 41 bottles put out off Cape Ann
(series L, fig. 179) have been recovered. One of these was from Race Point, at the tip
of Cape Cod, in 32 days; four were from the outer shore of Cape Cod, south to
Monomoy, in 30 to 66 days; two were from the south shore of Nantucket Island,
near the western end, after 44 and 70 days. This general tendency southward across
the mouth of Massachusetts Bay and so down past Cape Cod recalls the drifts of
bottles from Ipswich Bay and out of Massachusetts Bay the spring before. The
parallel between the two years is made complete by three returns from Nova Scotia
at the mouth of the Bay of Fundy from the series of 1926 and one from the New
Brunswick shore of the bay.

One of these Cape Ann bottles went to Point Clyde, at the western entrance to
Penobscot Bay. Without, the southern drifts just listed, for comparison, the tracks
followed by these bottles to the Bay of Fundy would be conjectural. The former,
however, make it as clear as evidence of this sort ever can that the general route
was southward at first, with a division off Cape Cod, whence some continued south
ward but others were ca,rried in an eddying course eastward and northward around
the basin of the gulf. The Port Clyde recovery alone is puzzling, but the time
interval(8p days) is sufficient to allow of. a qircuitousjourney in.its case also.

71 Another stranded close by.

8951-28-57
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The line (M) set ,out at the mouth of· Cape Cod BayfromM.anometPoint,
Plymouth, to Provincetown; on April 21, 1926, showed an, unmistakable movement
ofthe water eastward, fOil 120f the 28 were picked up near the tip of Cape Cod

711' ••• ...
Flo. IN.-Assumed drifts of reprelleJltatlvebottles recovered from SerIes L, set out oft Ca.pe Ann by R. C. 8tatson, April

19, 1926. ., plaoe of relea8e

between Provincetown and Race· Point, one passing out of the bay and thence
southward to Nantucket. Two of· the bottles set out off Truro (series N) also
drifted to the tip of the cape at Wood End, the entrance to Provincetown Harbor.



PHYSICAL OOEANOGRAPHY OF THE GULF OF MAINE 895

In weighing the significance of drifts of this sort, when bottles are set out so
close to land, due consideration must be given to the stage of the tide. In this
instance all the bottles that showed a drift toward the north were setout on the flood
tide, so that they must have traveled up the bay at first. Consequently,. the fact
that they stranded where they did indicates a predominance of ebb over flood, or
in other words, a drift out of Cape Cod Bay along the eastern side.

Before leavingthe bottle drifts· in Massachusetts Bay, I should emphasize the
fact that not one of them is clockwise, but that all can be safely interpreted anti
clockwise within the bay or from north to south across its mouth and so down past
Cape Cod.

At first sight the evidence (by bottle drifts) of a dominant set out of Cape Cod
Bay around Cape Cod, and so southward along the outer shore of the latter, might
seem contradicted by the physiography of the cape; for, as Davis (1896) has shown,
the so-called" Province lands," which form its tip, were. built up by the transference
of sand along shore from the south. In fact, the existence of the sand spit known
as Wood End, which incloses Provincetown Harbor on the southwest, is sufficient
evidence of beach-drifting inward toward the bay, not outward from the latter; as
the bottle drifts demand. However, this apparent contradiction vanishes on closer
analysis. Beach-drifting 73 is effected chiefly by the longshore component of wave
action.

A glance at the chart will make it clear that winds from the only direction
(between north and southeast) that can drive a sea against the tip of the cape heavy
enough to move much sand necessarily produce a wave current westward around
its extremity. This would be the case even if the current a few hundred yards out
(tidal or not tidal) were making in the opposite direction, perhaps carrying our drift
bottles with it. Neither the tidal nor the nontidal currents scour the shore line here
violently enough to be of more than minor importance.74

Thus, beach drifting may be constantly in one direction, but the dominant set
of the water as constantly the opposite only a short distance out at sea; and it seems
sufficiently established that this is the case at the tip of Cape Cod.

Farther south along the cape beach-drifting acts in the same direction as the
nontidal drifts, both making to the southward.

The drifts from series 0 (set out near the coast, about midway between Cape
Ann and Cape Elizabeth, on July 18,1926, by T. E. Graves) proved consistent with
these Massachusetts Bay drifts (as, also, with the drifts from the Bay of Fundy in
1919) for the three recoveries so far reported were all from the southward~twofrom
Cape,Ann and the other from the north shore of Massachusetts Bay at Salem.

DRIFTS OF BOTTLES SET OUT OFF CAPE ELIZABETH AND OFF MOUNT DESERT

The drifts so far discussed have proved so consistent, both regionally and froD)
year to year, that the type of circulation which they represent may safely be taken
as characteristic of the southern and southwestern parts of the gulf. The drifts of
bottles put out off Cape Elizabeth and Mount Desert have proven equally con~ist
ent among themselves, though interpretation has not been so easy.

n 10hnson (1919 and 1lJ25) has proposed this convenient term for the longshore trans(erenC& of sand or other d~brfs.

" For an UIumlnatlng dl8CU8Slon of the relative Importance of wave and other currents In causing beach-drifting, see 10hnsOJl
(1919; 1925, p. ~OO).
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We may first consider the outer'ha:lf oftne Cape Elizabeth line of 1922 (line A,
p. 871, fig. 180) as the easiest to understand. Sixteen of these 150 bottles were
recovered, as follows: Outer coast of Nova Scotia (Scotts Bay), 1; vicinity of Cape
Sable, 1; mouth of Penobscot Bay,2; western shore of Nova Scotia and southern
~hore of the Bay of Fundy, 12. Thus, the net drift for the great majority of these
bottles was toward the east and northeast. The fact that so many of them stranded
along the same. sector of the Nova Scotian coast where bottles from the' Cape Ann
and Cape Cod lines have been picked up (figs. 174 and 176) makes it likely tha.t
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FIG. 180.-A8lIU.med drifts of bottles recovered Cromthe'ouoor half of series A. set outojf-Cape Ellzabeth,lu!yl.1922, ••
place of releBSe .

they, too, veered from southeast to east intheir journey across the gulf, to continua
northeastward along. the Nova Scotian coast in the drift. shown there by current
measurements (p'. 861). The rapid drift of one bottle from the outer part ofthisline
(No. 280) to the Salvages Ledges (about 25 miles east of Cape Sable), where it was
picked up 67' days alter release, points similarly to a rather direct track toward the
east at first; for it can''not have followed a very circuitous rout~ unless it drifted
faster than is at all likely. It is on these bases that the probable drifts are laid
down on Figure 180~ , " '
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Why the bottle last mentioned (No. 280) escaped the drift setting northward
toward the Bay of Fundy is not clear. However, that it did escape,tocontinue east
ward, proves that the surface CUlTent that sometimes flows westward past cape
Sable was not active at the time. On the other hand, the fa.ct that only two bottles
of all this group were found on the outer Nova Scotian coast east of the cape, while
80 many turned toward the Bay of Fundy, is conclusive evidence that there was no
general flow past the latter, but that its offing was comparatively a dead water at
the time so far as any nontidal current is concerned.

Itis not possible to reconstruct the track of the "Salvages" bottle in its rounding
of the cape; it may have held farther offshore than its line, as laid down on the
chart, would suggest, and then have veered inshore again. Bottle No. 165, which
drifted from a point a few miles inshore of Cashes Ledge tg-Scotts Bay, 50-odd miles
beyond Cape Sable, may have been caught up in the Nova Scotian eddy, judging from
the considerable interval between release and recovery (113 days).

More interesting, in connection with the general circulation of the Gulf of Maine,
are the two bottles (Nos. 210 and 284) that went from the outer section of line A
to the mouth of Penobscot Bay. The direct route for these would be to the north,
of course, but it is most unlikely that they followed such a course at right angles
to the general easterly drift followed by the other bottles that went to Nova Scotia
from this same section of the line. The fact that they were afloat about as long
(85 and 103 days) as several of the bottles that reached the Bay of Fundy 76 also makes
it likely that all the bottles of this group drifted southeastward and eastward at
first. On this basis the most reasonable explanation for the eventual separation is
that while most of the bottles approached the Bay of Fundy close enough to the
Nova Scotian shore to be swept inward, reproducing the drifts of Mavor's bottles in
1919 (p. 868), others, circling on a shorter radius, hence following a more northerly
route, crossed the mouth of the Bay of Fundy instead of entering it, were picked up
in the current that flows out of the bay past Grand Manan, and so were carried
westward again. This is made the more likely by the fact that several drift bottles
put out in the Bay of Fundy in 1919 traveled by this same route to points along the
Maine coast, one of them to the same destination (Penobscot Bay; p. 870). It is
probllble, therefore, that the two bottles that went from the vicinity of Cashes Ledge
to Penobscot Bay in 1922 made a partial, anticlockwise circuit, which brought them
well over toward· the eastern.side of the gulf en route, so that they approached their
eventual destination from the east or southeast, not directly from the south.

The route of the Matinicus bottle is carried the farther eastward of the two on
the chart (fig. 180), because of its longer interval; but there is no means of knowing
whether this apparent difference is actually significant.

On the .whole, the most instructive. feature of this group is the uniformity of the
drifts and the very definite and comparatively rapid movement of the water which
these show along a narrow track from the center of the gulf to the :Nova Scotian
side of the mouth of the Bay of Fundy. .

"No. 190 to Orand Passage, 116 days; No. 206 to Digby Neck, 90 days; No. 241 to Port Lorne, 88 days; No. 242 to the olllnll of
Digby,70 days; Nos. 248 and 26Ii to the vicinity of Point Prim, 76 and 90 days; No. 264 to Long Island, at the mouth of the Bay
Of Fundy, 81 days; No. 299 to Advocate Harbor, Nova Scotian shore of the Bay of Fundy, 107 days.
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. The inshore half of the Cape Elizabeth line of 1922 (line A, fig. 181) is more
puzzling. These recoveries fall into four groups, so distinct and so farsep!lorated
that the bottles must have scattered widely within a short time after they were put
out. Four bottles· from the outer half of the· section went to the Bay of Fundy;
three others were picked up along the coast of Maine between Jonesport and the
western entrance to Penobscot Bay, the same sector to which lreveral bottles drifted
from the Bay of Fundy in 1919; one went southward. t.o the Isles of Shoals, off Portlil~

mouth; and six were found in Casco Bay or along the coast. a few miles to the east~

ward of it. The recoveries from the inner end of the line were all from near-by local.
ities, either in the Casco Bay region or along the southern shore of Cape Elizabeth.
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Flo. 181.-All8Umed drifts of bottles recovered from the Inshore halt or Serles A, set out oft Oape Elizabeth, lune-30, 1922
e,pl!lCS of releese

If the two halves of line A be compared (figs. 180 arid 181), it is at once evident
that the percentage of bottles that went to Nova Scotia was much greater (14 bottles)
for the outer than for the inner half, and that all the bottles that traveled this route
were set out more than 10 Ihiles from the land. If the drifts from the inner end of
line A had been the only evidence available, the natural conclusion would have been
that their general set was eastward along the coast of Maine. The evidence of the
other series discussed so far forbids this, however. In the first place, the Bay of
Fundy series of 1919 drifted in the opposite direction (p. 870), as severalbottlesset off
Mount Desert in 1923 did, also (p. 902). Furthermore, all the bottles from. the Cape
Cod, Cape Ann, and Cape Elizabeth lines that were recovered in the Bay of Fundy
region were reported from so short a sector of the cOast that they must have followed
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a very uniform track, which for the Cape Ann and Cape Cod lines veered unmistak
ably through southeast, east, :and northeast'{p. 889). The time intervals are consist
ent with this, also; the great majority ranging between 70 and 105 days, irrespective of
which line the bottle in question w:as launched from. For any of the bottles from the
Cape Elizabeth line to have reached the southern shore of the Bay of Fundy by the
alternative route via the coast of Maine and through the Grand Manan Channel
would have involved a drift from north to south across the Bay of Fundy directly
contrary to the dominant set established there by Mavor's (1922) experiments with
drift bottles, as well as by measurements of currents (p. 861). Such an explanation
would also be contrary to the time intervals, for the two bottles that went from the
offing of Cape Elizabeth to Grand Manan and to The Wolves (Nos. 43 and 88) and
were not reported until 103 and 104 days after release, while two others, set afloat
near by (Nos. 99 and 105), were reported from the Nova Scotian side of the Bay of
Fundy in 80 to 98 days.

By this reasoning the bottles that went to Penobscot Bay from the inner end
of line A, and to the coast of Maine farther to the eastward, may safely be credited
with essentially the same route as those that reached this same sector of the coast
from the outer end of this line, circling antic10ckwise at first toward the Bay of
Fundy, to return westward again. The time intervals between release and ,recovery
(80 days for No. 65, picked up at Jonesport; 63 days for No. 98, reported near Swans
Island; and 103 days for No. 87, found at Matinicus) favor this interpretation.
. The general uniformity, both of localities of recovery and of time intervals, for

the outer two-thirds of line A, indicates a well-developed, dominant set of the anti
clockwise sort just outlined. This, however, seems hardly to have affected the sur
face water within 15 miles of the land at the time, judging from the regional disper
sion of the returns from the inner end of line A and from the fact that the time
intervals between release and recovery vary widely f~r these, quite independent of
the distances which this group of bottles made good. Thus we find intervals rang
ing from 25 to 77 days for 7 bottles that were picked up in the Casco Bay region,
15 to 30 miles from the points of launching, and 5 to 72 days for 5 bottles recovered
along the southern side of Cape Elizabeth after journeys of 8 to 23 miles. One was
found at Monhegan Island (35 miles) in 47 days, but another, reported from Danis
cove (25 miles), was not found until 75 days had passed.

Of course, little stress can be laid on the time interval for anyone bottle, because
there is no knowing how long it may have lain on the shore, overlooked; but our
genera! experience suggests that if bottles are not reported comparatively soon after
stranding they are either broken or buried in windrows of seaweed and never after
heard from at all. Consequently, when time intervals vary widely for bottles
drifting only a short distance to a coast as frequented as the Casco Bay region is,
contrasting with uniformity of intervals for bottles journeying right across the gulf,
it is obvious that the former did not follow as definite a set as the latter. On the
whole, the regional distribution of the localities of recovery for the inner end of this
Cape ·Elizabeth line trends eastward across Casco Bay, pointing to an irregular
eddying drift in that direction as involving the mouth ofthe latter. Cape Elizabeth,
however, seems to have bounded this eddy on the south at the time, witnesS the
several strandings to the south of the cape (fig. 181) jthe fact that one bottle, set
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()ut about midway of line ,A was recovered at the Isles Of Shoals after 100 days
points to some movement of surface water southward along the oo.astsector between
Oape Elizabeth andOa.pe Ann.
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The drift of a second line of bottles set 'admft offOape Elizabeth a year later (in
August,1923; seriesE"p, 874) showed much'the same grouping as tha.tjtistdescribed
for the corresponding line of 1922 (series A).' Two recovered from the outer part of the
linewere from the West coast of Nova. Scotia. (fig. 182);. three were froDi the eIitranee




